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SOME NOTES ON UNDERGROUND TRANSPORTATION 
IN MSTAL MINES 


By c. F. Jackson” 


INTRODUCTION 


This paper has been prenared as a progress report.in connection with the 
series of artic.cs on mining methods and costs which are being puplished by the 
U. §. Bureau of Lines in the form of information circulars. ‘When enough circulars 
have been completed it is planned. to publish a more complete and comprehensive 
naper in bulletin form dealing with tne subject of underground transportation. 


Progress reports, followed by bulletins, will be prepared from time to 
tine dealing with other subjects included in the general study of mining methods 
at individual mines, such as mine development,. drilling, and blasting; stoping 
nethods (each principal stoping method to be summarized in a separate paper); 
ventilation; wage, contract and bonus systems, etc. | 


Tue term "transportation" has been used in the title of this paper to in- 
clude the handling and movement of ore from the time it leaves the stope until its 
arrival on surface. Incidentally, it includes the handling of materials, tools, 
end supplies and of waste rock. Transportation as here used, thus embraces the 
operations more commonly known as tramming, haulage, dumping, caging, and hoisting. 
Knere ore is drawn from chutes, "transportation" also includes the operation of 


loading the cars. 


f. ee 


Importance and Cost of Underground Transportation 


The cost of underground transportation as. above defined is a very 
appreciable percentage of the total mining cost in most mines; in some mines, in 
fact, it accounts for a larger percentage than the stoping cost, and-in oae mine 
studied, over 56 per cent of the total underground cost was attributable to trans- 
portation, For 15 mines using open-stope methods of mining, transportation costs 
mounted to 28.4 per cent of the total underground cost’, for 19 mines employing 


Seen o + fee eae : 
1 The Bureau of Mines will welcome reprinting of this paper, provided the follow- 
ing footnote acknowledgment is used: "Reprinted from U. S. Bureau of Mines 


Information Circular 6326." 


é Senior mining engineer, U. S. Bureau of Mines. 
3 Jackson, Chas. F., Mining Ore in Open Stopes, Eastern and Central United States. 


Information Circular 6193, Bureau of Mines, 1929, 30 pp. 
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shrinkage stoping, to 22.65 per cent; s+ for 4 mines using cut and fill as the 
princinal method cf stoping, to l¢.9 per cent; for 5 mines using scuare-setting 
as the principal method, to 15.85 ver cent; and for 3 mines using the block- 
caving system, to 21.3 per cent. Yor those groups showing the lowest percenta;:es 
of total cost for transportation the actual dollar cost per ton was higher than 
for some of those snowing the higher percentage of total cost, the reason for the 
lower percentage figures being that other costs and the total costs were more than 
proportionately higher. Average transportation costs and percentages of total 
underground costs are tabulated below: These are direct cperating costs only and 
do not include depreciation and overhead costs. 


Average transportation costs and percentages of 
total underground costs 


. | Cost of underground Total Underground 
Mining method transportation per ton of | underground]. transportation, 
ore hoisted cost per cent of 
_ total cost 
Open stopes: . 
Average of 15 mines.. $0.33 4) .067 28.40 
‘Shrinkage stoping: | 
Average of 7 mines... O16 2 2.000 -— 20.20 
Average of 19 mines..| (Reports give percentages | - 22.65 
only) | 
Block caving: ne : se o3e" | 
Average of 3 mines...| 21135 : a. @000 21.05 
Square-set stoping: -_ | | _ 4 | 
Average of 5 mines...] . : 612 4.419 13.83 
Cut-and-fill stoping: _ 
~4025 3.120 12.90 


Average of 4 mines... 


The labor costs for transportation underground at a number of mines ex- 
pressed in man-hours per ton of ore hoisted, and the total underground man-hours 
per ton for the sane mines are tabulated below; 


ry 


4 Jackson, Chas. F., Shrinkage Stoping. Information Circular 6293, Bureau of 
Mines, Jnne, 2930. . 
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Transportation costs in man-hours per ton 


| ian-hours per ton | Total under- Transportation man- 
Mining method for underground ground man- hours per ton, per 
transportation | hours per ton | cent cf total man- 


nours per ton 


Open stopes: oo 
Average for 15 mines... 0.275 983 | 27.98 


Shrinkage stoping: 


Average of 14 mines... 0.610. 2.516 24.2 


Square-set-stoping: 
Average of 3 mines...., © ~ 0.4383 | 5.973 10.80 


Cut-and-fill: | 
Average of 4 mines.... 0.467 3.047 14,358 


These figures in the first and third columns of the above tables are 
probably low, rather than the reverse, since considerable tramming is usually done 
in connection With shoveling and is carried on the cost sheet under shoveling. 
Additional data are given in Table 6 appended hereto. : 


HAULAGE 


Underground haulege is of three principal tyves: hand-tramming, animal 
haulage, and mechanical haulage. Some mines only employ one of these types, where- 
as others may use combinations of two or of all three types. 


dand-Tramming 


Hand-tramming as the principal method of haulage is to-day largely con- 
fined to small mines having a small output. The word "small" as applied to mines 
is only a relative term and capable of various interpretations. As compared to a 
tine producing 5,000 tons per day, one producing 1,000 tons would be a small mine, 
but the latter would be considered a large mine as compared to one with a daily 
output of 250 tons. A mine may be small in point of output but large as regards 
area of workings and mileage of drifts and crosscuts. © | 


The designation 'tgmall mine" is here applied: to mines having outputs of 
500 or 400 tons per day or less. This would seem to be the justifiable upper limit 
in this country to-day for the use of hand-tranming as the principal method excent 
There the tramming distance is very short, haulageways very crooked, or ‘the produc- 
tion is 80 widely scattered that only a very small tonnage comes from each point of 
production. With the small storage-battery locomotives of the so-called tramming 
type which can be run on a cage and transferred quickly from level to level and 
Wiich have been on the market for several years, the economical limits for hand~ 


‘ramming are below those formerly existing. 
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The determining factor is cost, of course, and when cost of mechanical 
haulage, including operating labor, power, supplies, repairs, denreciation, and 
interest on the investment, is less than the cost of hand-tramuin:, the change to 
mecuanical haulage recommends itself. All these items of cost are not always 
simple to calculate and some of the factors are quite variable. The remainins 
life of the mine may be too short to warrant chanze to mecnanical haulace and 
often the remaining life can not be known even approximately. 


In some thin, flat-lying but undulating ore deposits, grades may be such 
that hand-trarming can not be employed, so that some mechanical means of handling 
and transport would be absolutely necessary. 


Further discussion of hand haulage versus mechanical oe will be in- 
cluded under the caption "Mechanical haulage." 


Hand-trarming as an adjunct to animal or mechanical haulage is usually em- 
ployed to some extent in most ore mines using these metnods principally, particu- 
larly in development work and for macing short transfers on sublevels, and for 
gathering cars on sidings where trains are made uv for motor haulage. | 


Hand-tramming is still the only haulage metnod employed in many small 
mines and prosnvects. Here due to small output ecattered over several levels, 
short remaining life of the operation, or limited ore reserves, hand-tramming is 
doubtless the most economical method. There are probably other mines employing 
all hand-tramming where lacs of capital prevents instsllstion of mechanical haul- 
age, even though appreciable reduction in operating costs would result thereby. 


For hand-tramming, lisht cars of the end dump, side dump, or rocker tyves 
having a capacity of 16 to 30 cubic feet are commonly used, tne 16 and 20 cubic 
foot sizes being probably the most popular. Track gages are usually 18 to 24 
inches, and light rails weighing 12, 16, or 20 pounds per vard are ermloyed. In 
metal mines the tracks are generally laid on Wooden ties. Tadle 1 gives some data 
on cars used for hand-tramming as abstracted from the information circulars deal- 
ing with mining methods and costs which have been issued from time to time b7 the 


United States Bureau of Mines. 


Car bodies are usually of steel, though some wood-body cars are still in 
use. The old type of wooden car nad one advantage in that it was easily repaired, 
whereas the stcel body which has been badly bent is difficult to straighten, 


Small cars of 16 to 20 cubic feet (2 to 1 ton) are desirable for hand- 
tramming. Formerly on the Mesabi iron range, the standard sublevel car was a wood- 
en box car, rigid on the trucks, with an end door, and having a capacity of 36 to 
42 cubic feet, or about 2 to 24 tons of ore (fig. 1). The miners worked on con- 
tract in pairs, both in the sublevel drifts and in the slices (top-slicing is the 
mining method employed). These contractors mucked and hand-trammed their own ore, 
and by driving the drifts on a 14 per cent grade in favor of the loads, these cars 
were handled quite easily. The track terminated at the top of the cite ina 
curved "dump rail" into which the front wheels of the car dropped, the rear wheels 
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Figure 3 — Cradle dump for 1-ton car(from “Fifty Kinks ir 
Figure 1.- 42 ca. ft. band-tram car, box rigid on track Metal Mining”, 1930, Engineering and Mining Journal) 
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Figure 3.- Section showing shaft, cans, and hooker’s platform, Tri-State district 
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lifting off the track with the car body. Today these cars have been replaced in 
many instances by slushers or scrapers Wricn drag the ore from the face to tne 
chute. The cars are still used in otner instances, however, but are usually 


loaded by scrapers. 


In some of the small sublevel workings in the southeast Missouri lead 
district, l-ton solid-body steel cars are dumped in a cradle (fig. 2) in which the 
cars are turned end over end”. Cars of 2 to 23 tons capacity are used with motor 
haulage on the main levels with mules or locomotives for gathering. In develop- 
ment work and in some small, isolated sections of the mines these cars are trammed 
by hand to and from the gathering noints or "loops," as they are locally termed. 


In the Tri-State Zinc and Lead district® cans set on low trucks and having 
a capacity of 1,c00 to 1,200 pounds are still most commonly used, though some of - 
the larger mines are using cars. Hand-tremming between the face and the siding or 
"lay-by" 1s comzonly employed where mules or locomotives are used for main-line 


waulage. 


There is probably more mule haulage than motor naulage in this district, 
ough motors are more and more replacing the nmles’. The cans are placed on a 
"lay-by" at the shaft, and "bumper! men are employed to handle the cans between 


the lay-by and the shrft bottom (fig. 3). 


At Mineville, N. v3) hand-tramming is employed in the auxiliary shaft 
areas using 1 ton cars. The hand-tram cer is very low (2 ft. 7 in. above the 
rails) and is used where hand-loading is employed (fig. 4). 


At the Burra Burra mine” at Ducktown, Tenn., c-ton rocker cars are used 
for hand-tramming in connection with hand-loading from nillar-robbing operations 
on Some of the old upper levels. At Minas de Matahambre, Pinar Del Rio, CubalO | 
coisiderable hand-tramming is employed for snort tramming distances, using 20 
edie foot capacity, end-dump cars equinped with roller-bearing wheels. 


eer eet ics RN MN MIP Red | 
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At Ray, Arizonall, hand-tramming is enployed in mining small bodies of 
fringe ore wiich are too hizh above tne mein level to permit the use of either 
the motor system or the mocified motor system and which do not have sufficient 
vertical thiclmess to warrant anplication of the sublevel system. The ore is 
loaded from chutes into l-ton cars ane is tramaed by hand for short distances to 
transfer chutes. | 


At. Glctre, Ariz.1¢ large quantities of water are encountered in opening uw 
a new level and no type of motor haulage is practicadle until the level is 
drained sufficiently to confine tne water to a ditch. Hand-trammed, 20 cubic foot, 
side-dump cars are used or theses new levals. Uand-tramming is also resorted to 
sometimes for short distances in filling operatioas, where cars of waste are 
trammed from a siding to the top. of the stope. | 


At the Hecle minels, pandas is employed in the stopes both for | 
transferring the ore from the face to the ore passes and for spreading waste fill. 


At the Harmony Mine in Idahol*, hand-tramming in 15 cubi¢ foot cars is em- 
ployed on sublevels for hrees teeta ore. 


Hand-tramming is employed at Cananeal° as an adjunct to motor haulage and 
for this purpose l-ton capacity end-dump cars weighing 1,060 pnounds are used. On 
one level the average hand-tramming distance is: 800 feet, and 25 tons per trammer 
shift is the average output. Some trammers will make as hizh es 40 tons. The 
trammers are paid a flat price per car when tramming from stone chutes. | 


At the United Verde Extension!® the car used for hand-tramming is of 16 
cubic foot capacity. 


Track. - As stated above, light rails and narrow gage tracks are the rule 
for hand-tramming. The drifts are usually carried on a good grade in favor of the 
loads so that. loaded cars can be pushed with minimum effort. Frequently these 
grades are such that once started, the cars will run by gravity. Theoretically 
the proper grade for hand-tramming is such that when tne loaded car is started it 
will keep moving with little or no assistance on the part of the trammer. With 
easy-running, well-oiled, and well-maintained cars of the ordinary tynes and 
weights, on good track, this grade is made about .67 per cent. With average track 
and car conditions it is about .85 per cent, and for poor conditions about 1.4 per 


11 Thomas, Robért W., Mining Practice at Ray Mines, Nevada Consolidated Copper 
Co., Ray, Arizona. Information Circular 6167, Bureau of ifines, 1929, <7 pp. 
12 Shoemaker, A., iiining Methods at the Old Dominion Mine, Globe, Arizona. 
Information Circular 6237, Bureau of Mines, 1930, 21 po. 

13 Foreman, Charles H., Mining Methods ai Costs at the Hecla and Star Mines, 
| Burke, Idaho. Information Circular 6232, Bureau of Liines, 1950, 21 pp. 
14 Gardner, R. Duncan, Mining Practice at Harmony Mines Co., Baler, Idaho. 

| Information Circular 6240, Bureau of Mines, 1930, 8 pov. 

15 Catron, William, Mining Methods, Practices, and Costs of the Cananea Consoli- 
dated Copper rhe Sonora, Mexico. Information Circular 6247, Bureau of 
Mines, 1930, 41 p % 

16 D'Arcy, "Richard Le  Yining Practice and Methods at the United Verde Extension 
Mining Co., Jerome, Arizona. — Information Circular 6250, Bureau of Mines, 
1930, 11 pp. | | | oo 
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cent. In practice it is often the case that track conditions vary from good to 

bad in different narts of a mine or even on different sections of the same haulage- 
way and that the effort required to move different cars varies. Experience with 
trammers would seem to indicate that tnere is considerable difference in cars 

rhich is probably not all imagination on the part of the trammer. The net result 
is that cars have to be bral:ed on some sections of track and are pushed with 
difficulty on others. Often too little attention is given to track conditions 
wnere hand-tranming is employed, whereas the traci: should receive as much atten- 
tion as with motor haulage. In many mines tne mucxer also does the tramming where 
hand-tramming is eroloyed,.and ifthe workmen are obliged to expend tneir strength 
aid energy in "bulling" stiff cars over poorly laid and maintained tracks their 
efficiency as muckers is seriously impaired. Closely spaced, well-tamped ties to 
prevent sagging of the rails; proper gage clearances between the rail and flange 
of the wieel on straight tracis, curves, and switches; and clean tracks are as 
necessary with hand- brauming as wita motor haulace end will pay Gividends in the 


long run. 


Animal ‘ Heulaas | 


Mules and horses are:still .employed to some extent for underground haulage, 
trough they are rapidly being replaced by motors in most districts. They are 
usually employed for Louling trains ‘of cars of the size and type used for hand- 
traming and are also used for gathering and spotting larger cars which are handled 
by motors on the main haulzgevays. The most logical application of mle haulage 
is probably in malting short hauls where there are unavoidable bad grades against 
Thich hand-tranmers could not work ‘and yet not so severe that rope haulage is © 


necessary. : 


In southeast Missouri, mules are used to handle 23 ton cars between the 
loading face and the "loops" or sidings. In tnis. district loading is largely done 
sy power sucvels; the SHOVE) operator spots his own cars and uses a mle for this 
Purposel?, In other mines! acc cars are spotted. by motor and i- ton cars by 
nend. = | 


In the Tri-State zinc ona lead district, mules are extensively employed 
for main-line haulage and for spotting cars at the face. In the larger mines in 
tais district where the hauls are long, locomotives are Sone into use more and 


=0Té, 


At one mine in Tennessee 2-ton cars are loaded from chutes or from muck 
Diles and are hauled by mules in trains of 2 to 4 cars to the shaft. The opera- 
tors consider that the short remaining life of the mine does not warrant eee 
tion of motor haulage, though motor haalag re would doubtless be more econonical. 


1? Jackson, C. F., Information Circviar E170, cited. — oe = 
is Poston, Roy H., Method and Cost of, Mining at No. 8 Mine, St. Coulis 


Snelting and Refining Company, Southeast Missouri District. 
Information Circular 6160, 1929, <2 pp. 
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At the Isle Royal mine in Micuigan, hand-tramning is emploved for a short 
distance when starting to develon a new level, and as the drifts get longer miles 
are used to the end of the level. Stoping starts at the ends of the level and re- 
treats toward the shaft. As soon as stoping is tegun 4-teon, 48<cell, storage- 
battery locomotives renlace ae haulage. For hand and mile haulage, 24-ton cars 
are used which are replaced by S-ton ean cars for poe oeee haulage. 


Weehantica’ Renlare 


Mechanical haulage in ore mines is of three general tynes: (1) Locomo- 
tive; (2) scraper or slusher; (3) rope haulage. Conveyor systems have come into 
general use in coal mines, so that four principal types of mechanical transport 
are used in coal mining. 


For underground haulage in ore mines locomotives are generally driven by 
electric motors, sometimes by compressed air, and very infrequently by gasoline 
motors. Electric locomotives are of four different types: (1) Trolley; (2) 
trolley with cable-reel attachment; (3) storage battery; and (4) combination 
trolley and battery (rarely used in metal mines). It is not the purpose of this 
naper to discuss equipment from a mechanical standpoint, but to consider briefly © 
tne anplications of types of equipment to different conditions; for this reason 
details of locomotive and car construction are not included. 


Scraper work is here considered as a part of the underground transport 
system because the scraper, although usually thought of as « loading machine, 
serves equally well the purpose of a conveying machine, though the distances over 
wnich it operates may be short. As a conveying machine it is usually employed as 
an adjunct to the regular haulage system for vagnevorls ae ore from the stone face 
to chutes or to cars. : oo 


In many mines trolley locomotives are used for main level haulage while 
smaller storage-battery locomotives are employed on intermediate levels. In yet | 
other instances large trolley locomotives are employed for the longer main-line 
hauls, while the cars are gathered and made up gui trains. By: piace POcemerewers 


In a previous paragraph some pbeeere uae were eee ne desirability 
of changing from hand to mechanical tramming. It was sugzested that in general, 
for mines of over 300 or 400 tons daily output (sometimes less), a change to 
mechanical anes would be warranted, though Ceres pone eecns ene alter this. 


As an example of tne advantages of pecientest neaNars in: even: a smal] mine 
and with comparativel: short hauls may be cited the following: Of the oatput of 
400 tons per day divided between two shifts, about. 300 tons came from stope chutes, 
the average length of haul being only about 500 feet and the maximum 750 feet. 

Wnen hand-tramming from the stope chutes with 1- ton cars, 8 men ver snift were 
required to load, tram, and dump the cars, 16 men in all. | 


7819 = Be 


ee 


Electric haulase was installed, using a storage-bettery locomotive and 
j-ton Granty cars, in anticipation of a considerably larger output later on. 
Chutes were widened from «2 incnes to 56 inches, as the mucl= was very coarse, 
t.ouga it was mixed with some sticky, fine ore. When motor haulage was begun, the 
300 tons from the stope chutes with some development ore was tramned in 23 hours 
by three men, one motorman and two loaders, givinz a labor cost of a little less 
than one man-shift for 300 tons. The cost of loading aud tramiing by hand had 
averazed 22 cents-per ton. The cost of loading and traiming with motor haulage 
was 5.c cents per ton, including labor and power. To tie letter cost snould nave 
deen added depreciation to give the total cost, tut the marjin in favor of motor 


haulage was still large. 


Since no two mines are just alike and conditions usually. differ widely, 
the combinations of haulage methods and equinment which will give most economical 
results vary with the conditions to be met. In arriving at tne best solution of 
an underground haulag2 oroblem, certain more or less intanzible factors must be 
considered alon; with such factors as first cost of equipment, direct operating 
costs, repairs, and maintenance. Among such factors may be named: Flexibility 
of equipment in its application to possible chanses in conditions; adaptability 
of a new type or size of equipment to use with other equipment already being used 
in Faich a large investment mar already be tied up, and the scrapping of which 
Fold entail a larse loss; end the results of using several types and sizes of 


equipment upon stoci-room inventory of parts; etc. 


In old mines it is often necessary in deciding upon new aguipment to com- 
vromise betyeen that which would give the lowest operating cost and that which 
would best adapt itself to use with equipment already on hand. 


With greatly increased output or length of naul it would usually be de- 
Sirable to go to larger cars and locomotives, tut such a change might necessitate 
wicening and retimbering drifts and changing 2 lerge number of chutes at un- 
warranted cost. Changes in tyne of car may require changes in shaft poctets, 


Wich introduces another factor. 


At one mine studied in the course of the bureau's investigations of mining 
nethods , 19 the haulage equipment now in use tells an interesting story of the 
changes made over a period of years. Here 2-ton rocker-type cars are used for 
wand loading and tramming in pillar-robbing operations on some of the old upper 
levels, together with end-dump cars of 4-ton cavacity for motor haulage. The next 
cer introduced was a 5-ton Granby type used on the leth and 14th levels. On the 
lta or bottom level 7-ton end-dump cars are used for dumpinz directly into 7-ton 
sins. As the lower levels have been opened up it has been possible to provide 
for use of larger equipment without any expense for changing over haulageways and 
chutes, and probably the older equipment will be worn out on the upper levels. In 
inis instance then, the change of equipment was accomplished without scrapping any 
old but still serviceable cars. Here too, it has been possible to adhere to the 
same track gage (24 inches) on all levels, whereas had they started with a narrower 
— gage it would probably have been advisable to use a wider gage on the lower 
Levels, 45 oe a 3 


19 Mcvaughton, C. H., Mininz Methods of tie Tennessee Copper Company, Ducktown, 
Tem. Information Circular 6149, Bureau of Mines, 1929, 17 pp. . 
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Tables 2, 3, and 4 show souie of the details of haulage equipment and tracks 
as given in information circulars on mining methods and costs alread: published 
by the Bureau of Mines and indicate to some extent the prevailing preferences as 
to tyves and sizes of cars and locomotives, track gages, etc. 


Cars. - As already stated, the size of car devends, or should depend, toa 
large extent upon tne tonnage handled and tne lengtn of haul. If cars are to be 
hoisted on cages, the size of shaft compartments will determine the maximum size 
of car. The size of chunts handled has an important bearing upon the size and 
shape of car and also woon the method of dumpin; best adapted to the given opera- 
tion. The size of car snould be such as to best adaot itself to the method of 
loading employed. 


For hand-loading, the car should be low in order that a minimum shoveling 
effort may be required. This often means that a car of small capacity must. be 
used, since to get large capacity, the low car must be wide or long, which in turn 
may affect the width of the drifts or the minimm allowable degree of curvature of 
the tracks. On the other hand, certain types of cars combine low height. with 
relatively large Canacity. Thus a rectangular body rigid on the trucks (fie. 5)° 
has a larger capacity for its height, length, and width than a aaa ees car 
or an end or side door’ tyne of car which tips up about a shaft on the truck 
Hence the method of dumping affects the a | for given over-all clearance 
dimensions. 


Where scrapers or other mechanical loaders are emploved to load directly 
into cars, it is desirable that the cars have a large canecity in order that only 
the minimum time may be lost by the scraper while shifting and spotting cars. The 
cars should be low enough to allow room for a slide above.and for the scraper to 
work over the slide and below the top of the drift or stope. Length and width 
mast be proportioned so that the scraper will fill the ends end sides and at the 
same time not spill the ore over tne track and roadway. These proportions will 
depend upon whether the scraper loads from the side or the ene of the car. 


In loading rough mucl: (large chunks) from chutes, it teen decided Bayan: 
tage to have wide chutes with fairly high openings. In one instance with which the 
writer is familiar, the change from a 42-inch opening (width) to 56 inches resulted 
in doubling the loading rate from the chute. Since in loading from chutes tne ore 
is usually loaded over the side cf the car, a wide chute opening means a relative- 
ly long car. If capacity is gained by widening the car, the lip of the chute | 
generally has to be raised in order to fill the side of the car aueys from the. 
chute properly. 14 


The nature of the ial Hadras has a bearing on the dumping method as well 
as on the size of the car. Fine, dry ore will sift out around doors if they are 
not tight, dirtying the traci-s and roadways, and entailing expense for !:eening 
them cleaned up. Solid car bodies without doors (fig. 5) are well adepted to this 
kind of ore but require a rotary dump or cradle for dumping. If the output is. | 
scattered over several levels and is small from each level, the. cost of installing 
a dump on each level is apt to be prohibitive. When the production from one level, 
is large a rotary dump and solid-body cars make a very efficient and desirable 
installation. a 
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Cars of this type are lower in first cost, are sturdy in construction, 
mintenance and repair costs are corvaratively lot, and they are economical of 
space. In some instances the saving in first cost of the cars as compared to that 
of some other types of cars, ray more than pay for the cost of installing the 
rotary. dum. In many instances the rotary dumo has been responsible.for direct 
savings in panes cost for dumping as well. : _ 


If the ore is fine, vet, and sticky, tne solid-type.car is perhaps not 
always best suited to carry it because ov the trouble in dumping and in cleaning 
out tne corners of the car, though certain: tives’ of rotary cums can be operated 
so as to jar the car by bumping the dump stop several times ‘while the car is 
tinned up. This, however, may not always be tne best thinz for the running gear 
of the car. At cne- mine®0 where the ore from two or three ciates was very sticky _ 
and where rectangular solid-body curs wee used, sheets of oiled paper were pro- 
vided which Just fitted the bottom of the car. Before eaca loading a sheet of 
tnis vaper was leid in the bottom of the car, and upon dumoing in the rotary dum, | 
the ore came out freely, leaving the bottom of the car Clean and ready for the 


next load. 


For sticky. ore, rocker cars with rounded bottoms (fig. 6) or gable- 
tottomed cars (figs. on and 20) have certain advantages. The former are easily 
cleaned by hand as, there are no corners in which the ore accumulates, and the 
latter can be easily ae emed by siamming tne doors a few times or by scraping with 
a shovel or flat blade. Neither of these types are as economical of space as the 
solid-body car, and the gable-bottomed car in particular is subject to high re- 
nair costs. Either tre | may be quickly durmed | in trains without uncoupling. 


Duming. - The time-tested, small, eee car (fig. 8) has admitted 
advantages for hand-tramming. It is very flexible and when equipped for swinging 
to either side is especially so. For use with motor havlage it has certain obvious 
disadvantages, as each car has to be uncoudled from the train and dumped separate- 
ly, This disadvantage is somewhat minimized in larger cers of this type, as fewer 
couplings and uncouplings are necessary for the same tonnage. With large end- 
dump cars, however, it is necessary to provide some mechanical means of dumping, 


suck as an air-jack or small hoist and chain.~1 


Side~dump, side-door tipping, gable-bottomed, or rocker cars may be dumped | 
rithout uncoupling from the train. The side-door tipping type can not be dumped 
conveniently with the train in motion, and it is usually necessary to stop each 
car over the pocket. Rocker and oe ere types, however, may usually be 


dumed with the train moving slowly. 


<0 Jackson, Chas. F., Methods of EYE Disseminated Lead Ore at a Mine in the 
Southeast Missouri DEStEeCrs Enrormays0p Circular 6170, Bureau of Mines, 


1929, p. 18. 
cl ldvaugaton, ms E., ‘Information Ctrewlar 6149, cited. 
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When using a aehenteaiae operated rotary cum (fig. 9) the Carg may be 
dumped without uncoupling by using swivel couplings. With caost times of gravity- 
operated rotary dums (fig. 10) it is necessary. to vncouple the cars, taough in 
some types chain covplings may be used which permit. dumping without uncovpling. 
Rotary dumping is fairly rapid, especially if the dump is built to handle two or 
more cars at a time. Where amole capacity is provided in sip pockets or otner 
dumping point, the train crew can attend to the aumping vithout loss of time. 


Bottom-dump cars (fig. 11) are well suited for rapid work, as they-can be 
dumped without uncoupling and with the train in motion. They have the disadvant- 
age of leakting when fine nwck is handled unless kent in verfect condition. 


Probably the best car for large capacity ard sveed in dumoing is the 
Granby-type car (fig. 12) which when dumed by running it over a ramp, as it is” 
designed to do, can be dumped with the train traveling at fairly high speed and 
without labor other then that provided by the train crew. Where dumoed by air 
jack or by hoist and chain one of its princival advantages is lost. It is almost 
impossible to dump it by hand, which is a disadvantage in case the vower coes off, 
It is rugged in construction, can be used to handle rough muck but is necessarily 
heavy. Aliso, it is not as economical of space as some otner types of cars. AS 
the Granby is a rectangular, flat-bottomed car, trovble is sometimes exverienced 
with it in handling sticky ore, requiring frequent clesning by hand. Rapid dump- 
ing is perhaps its main advantage; and altnough the first cost of the car is high, 
the rapidity with which it may be dumped end returned for its next load may result 
in fewer cars being required than where some other types are employed. With some 
tyoes of cars it is customary for the locomotive to leave a loaded train at the 
shaft, returning inside with an empty train while the loads are being dumped by 
the shaft men. Wnere Granbv-type cars are used and ample oes capacity is pro- 
vided, the dumping time is so short that an extra train of cars is not required 
and the trip can be dumped without uncounling in less time than it would require 
to switch out the loaded train and couple up with the standing empty train of 
other types of cars. 


From the foregoing brief discussion then, the type and size of mine car 
should be governed by rate of output and length of haul; size of existing or pro- 
posed drifts, crosscuts, and tunnels and, if cars are hoisted, the size of snaft 
and cages; size of muck and its physical characteristics; method of loading en- 
ployed; method of dumping; metnod of hoisting and, where s'sips are used, storage 
capacity of skip pockets or (and) transfer raises. | 


Table 1, though covering tly a few mines, indicates a preference for end 
dump cars of 16 to 20 cubic foot roughly 0.75 to 1.5 tons) capacity for hand- 
tramming. —. 


Reference to Table 2 shows that for motor haulage there is a wide varla- 
tion in practice as to size of car. Of 27 mines listed, 7 employ end-dump cars 
Fanging in size from 20 cubic feet, or about 1 ton, to 7 tons capacity; 4 employ 
rectangular tip-dump cars with side doors, of 1 to 5 tons capacity; 8 use side- 
dump, gable-bottomed cars of 2 to 7 tons capacity. Rocker-dump cars of 1 to 6 
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tons capacity are employed at 6 mines and seem to be gaining in favor, especially 
in sizes ranging from 2} to 4 tons. Seven mines use solid cars, rigidly secured 
to the trucks and emptied in rotary dumps, of capacities ranging from 1 to 5.tons. 
The Granby type in sizes from 34 to 5 tons is used at two of the mines, and one 
employs the bottom-dump type of car in two sizes - 5 and 7 tons. 


Most well-equipped mines now use roller-bearing cars. Recently, however, 
several mines have changed from roller bearing to the outside-journal, railroad 
type of bearing®< (fig. 15). On the other nand, one mine“° has recently changed 
from this type of bearing to tapered roller bearings, at the same time changing 
the car from the solid-body rotary-dump to the side-cump type. It may be noted as 
significant that the outside-journal type of bearing is used at the tabulated 
mines on cars which are dumped in rotary dumps or on heavy Granby-type cars. With 
cars of these tyres it is probable that the roller-btearing cars will not stand up 
well under the sudden stresses arolied wheh dumping and that preference has thus 
been given to the outside-journal type of bearing as being more rugged and re- 
quiring less attention and care. 


Locomotives 


As already stated, it is not the purpose of the present paper to discuss 
the mechanical construction of lccomctives or the details of motors, controls, 
brakes, etc. In Table 4 are listed incomplete data on locomotives at a number of 
mines Which have been described in Bureau of Mines publications. 


Of. the 26 references there listed, 11 use only trolley—tyoe locomotives, 
two of which employ trolley with cable-reel attachment. Three use only storage- 
tattery locomotives, and one uses compressed-air locomotives. One large mine 
waich had used compressed-air locomotives for many years has changed to electric 
locomotives. Eleven of the mines use both trolley and storage-battery locomotives. 
where a combination is in use, the trolley type is usually employed for the long 
hauls and large trains, and the battery type for advance development, in isolated 
sections of the mine, or for gathering cars and making them.up into trains on a 
siding whence the main haulage locomotive takes them over the main line. With 
trolley locomotives the current usually returns through the rails which are 
bonded at the joints. At the Park-Utah mine. (Information Circular 6190.) two 
Wires are carried, the second wire being for return. Here there is a large amount 
of water to contend with in the haulageway. 7 


a li a ee 
ce Cummings, A. M., Method and Cost of Mining Magnetite in the Mineville District, 
Nev York. Information Circular 6092, Bureau of Mines, 1928, 12 pp.. 
Jackson, Chas. F., Information Circular 6170, cited. . 
Shoemaker, A. H., Work cited. > 
Catron, William, Work cited. | 
oo Stoddard, Alfred C., Mining Practice and Methods at Inspiration Consolidated 
Copper Company, Inspiration, Arizona. Information Circular 6169, Bureau of - 
Mines, 1929, 23 pp. oe 
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Both the trolley and batter; types have their proper places in the haulege 
system. For large capatity and long hauls, the trolley locomotive. is justly 
favored. Storage-battery locomotives for tunis trpe of service require a large 
-ampere-hour capacity and unless. the ore comes in surges so that there are slack 
times during the working ‘period (wnich is seldom regularly the case), during which 
batteries can be put on charge or there is sufficient interval between haulage 
shifts for this purpose, the batteries are likely.to run too low and be discharged 
below the desirable or safe limit. For heayy. service it is often necessary to 
have two sets of batteries. for each locomotive so. at one may be on charge while 
the other is in use. | , , . 


| In low drifts and opposite loading chutes or ie heavy timbered drifts, 
live trolley wires introduce a certain hazard, which is generally recognized. 
Careful guarding of the wires is necessary. The expense of installing trolley 
wires and bonding the rails in haulageways which have a short life are other 
factors against the trolley locomotive. This is sometimes overcome by using a 
cable~reel attachment where the tramming distance away from the main line is not 
over 500 feet (1,000-foot cables are in use, but this length is cumbersome). 


The battery locomotive has the siventas ce of being able to travel over the 
rails under a self-contained source of power without trolley wires, but mst re- 
turn at definite intervals to the charging station. It is thus very flexible up 
to the limit of its ampere-hour capacity. j 


In small mines or where the output is scattered over several levels, the 
battery locomotive of the so-called "trammer" type hes. strong points in its favor. 
It:will go on the ordinary mine cage and can thus be quickly moved from level to 
level where needed. It will do several times the worl: of a hand-trammer, and its 
operating cost is low’provided it is inspected frequently by a competent mechanic 
pa rep in repair. 


The battery locomotive has a higher first eet than a trolley locomotive 
of the same capacity, requires the installation. of a charging station, and needs 
more skilled attention to keep it in proper working condition. Also the rate of 
depreciation is higher, due to the batteries, than for the trolley locomotive. 
These disadvantages are often more than offset, however, by its flexibility. In 
some cases the fact that it is charged between shifts when the other electrical 
load is lightest and does not pull peak loads when starting may be of sufficient 
importance to be given eonetcereus ons 


’The co ressed-air locomotive is not widely used eny iene. It was first 
introduced to ‘overcome some of the objections of the trolley locomotive. It 
operates under self-contained power, and the absence of bare, charged wires . 
eliminates the hazards of fire and electric shocks. An exnensive, multistage 
compressor installation is required, however, and.the cost of high-pressure air 
lines to the charging stations is high. There stations are located at advan" 
geous points to which the locomotive mist return for frequent charging. In some 
warm mines 4t might be thought that the exhaust air would be advantageous in im 
proving ventilation, but this effect is probably more than offset by the clouds 
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of vapor which are cased by the exhaust and which often foe the drifts to such an 
extent that they interfere seriously with vision. Power costs will usually aver- 
age about four times those for electric locomotives, and starting and sveed con- 
trol are better with eieciric:locowotives. | | 


Gasoline motors have been little used underground because of the danger 
irom exhaust gases or of fire. They have-been used occasionally, however, in open- 
stope mines where no timber is used and where tne ventitation is exceptionally 
good. They have a field of usefulness in outside wor! around mines. 


Charles E. Van Barneveld discusses locomotives for underground use in a 
comrenensive manner in "Mechanical Underground Loading in Métal Mines," published . 
cooperatively by the United States Bureau of iMines and the School of Mines and 
Ketallurgy, University of Missouri, in May, 1924. He gives considerable valuable 
data on types, sizes, canacities, and details of construction, operating costs, 
etc., Which are not within the scope of the precent weper. 


Rope Haulag e 


The term "rope haulage! as employed in this paper does not refer to end-. 
less rope or main-and-tail rope haulage employed in some coal mines, particularly 
in foreign countries, brt to auxiliary hoisting in underground slopes. Hoisting, 
es considered later waler the caption "Hoisting" refers’ to hoisting through main 
hoisting shafts as distinct from auxiliary hoisting. 2 . 


At Mineville, N. Y.,<4 auxiliary inclines are employed for hoisting and 
lovering ore in cars between intermediate and main havlage levels (fig. 14). 


In the lead mines of southeast Missouri,<> cars are hoisted from levels be-: 
low the main haulage levels over slopes on inclinations up to about 30°. Some of 
‘hese slopes have several levels connecting with ore bodies at different horizons. 
They are usually single-track slones. . On grades up to 4 per cent against the 
loads, trolley locomotives are employed. 


In the Tri-State zinc and lead district’’ there are many short, flat slopes: 
driven below the main levels to mine ore in "runs" or valleys below the general: 
floor of the deposits (fig. 15). Sometimes instead of employing slopes the bottom | 
of the ore is reached through shallow winzes (fig. 15-a). In both slopes and 
Wnzes small air or electric hoists or the "tugger" type are usually employed to 
‘oist the ore in "cans.!! : : : | 


ce: Cummings, A. M., Wor cited. 
«) Jackson, C. F., Methods of Mining Disseminated Lead Ore at a Mine in the 
aaa District. Information Circular 6170, Bureau of Mines, 
S Poston, Roy H., Work cited. 
e7? Netzeband, Wm. F., Method and Cost of Mining Zinc and Lead at Mine No. 2, Tri- 
State District, Picher, Oklahoma. Information Circular 6121, Bureau of 
Mines, 1929, p, 8. : 
Banks, Leon M., Page 7 of work cited. 
Keener, Oliver W., Method and Cost of Mining at Barr Mine, Tri-State Zinc and 
Lead District. Information Circular 6159, Bureau of Mines, 1929, 9 pp. 
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At Mascot, Tenn. ,“8 inclines are driven down the dip of the ore body, 
about 189, to reach ore below the bottom of the vertical past ROTStE Ne snaft. 


The slope head ee eee ozsten requires careful planning, especially if 
large tonnages are to be hendied. Since requirements of storage tracks for both 
empty and loaded cars, head room, and lateral space available, positions of exist- 
ing drifts and crosscuts differ widely for different cases, slope-head layouts 
also vary. For large capacity, the back-switch heac as used in some anthracite 
coal mines recommends itself for speed and minizum lador requirements. With this 
arrangement the hoistman raises the loaded cars nast a switch which is automatic 
or may be thrown from the hoist platform and drors them back by gravity onto the 
loaded car track. The trip rider unhooks the rope and.attaches it to the empty 
cars, then the holstman raises them above the switch and lowers them in the slope. 


Traces 


Table 3 gives some data on mine-track installation at a number of mines as 
described in Buresu of Mines information circulars and in other technical publica- 
tions. While the data are incomplete and a relatively small number of mines are 
listed, they indicate in a general way the types of construction in common use 
over a much wider field. 


The importance of well laid and maintained tracilz has been emphasized often 
enough that it need not be stressed here. 


For light locomotives and cars, 16 or 20 to 30 poune rails are used, 20 to 
30 pound rail being PRererreds For heavier work, 40 to 45 to 50 and 60 pound rails 
are commonly employed, and for long haulageways having a long life the heavier 
rails are amply justified for reducing maintenance costs, speeding up haulage, and 
eliminating derailments. Track gages are 18 to 36 inches, 18 inches being common 
for haulageways on which locomotives of the "trammer" tyne are in use and 24 or 30 
inch gage Widely employed for use with standard mine locomotives. 


In ore mines ties are usually of wood, 4 by 6 inches, 6 by 6 inches, 6 by 
8 inches, or 4 by 8 inches, are 18 to 24 inches longer than the gage of the track, 
and are spaced 24 to-30 inches apart. At some mines the ties are treated with 
wood BESee eee: which undoubtedly increases their life under pote condi- 
tions. : | 


Rails are usually connected with fish vlates, which are se donate 
for the heavier weights of reil and flat plates for the lighter rails. 


28 Coy, Harley A., Mining Methods and Costs, American Zinc Co. of Tennessee, 
Mascot, Tenn. Information Circular 6239, Bureau of Mines, 1930, 11 pp. 
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Figure 16. - Simple stop-board chute 


Figure 17. - Stop-board chute with steel brackets 
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Figure 20.— Drift set, pony set, gable-bottom car, and overcut arc gate, Inspiration mine 
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Loading from Chutes 


The haulage crev often loads the cars when they are filled from chutes. 
In other instances a locomotive spots the empty cars at the chutes, in trains or 
singly, or leaves them on a siding near the loading ciutes, and they are filled 
by loaders wao also necessarily attend to the movement of cars for snort distances. 
The operation of chute loading may therefore be properly considered as a part of 
the transnortation system. 


Various types of chutes are in use, and details of installation vary for 
the sane type at different mines. The most cortion trye is probably the simple 
stoo-board gate chute (fis. 16), having one or two, and sometimes three stop 
toards for controlling the flow of ore. This type or chute is cheaply and quickly 
installed and serves the ordinary »urposes of iosading where the total. ‘Sua lde° to 
be passed throuch it is relatively small or where the rate cf loading , th ‘ore is 
drawn by raisin,’ the stop boards which are loosely held between cleats on the 
inner sides of tre chutes, using a bar for this purpose. Instead of short chute 
boards fitting between the sides of tlie chute, longer boards are employed extend- 
ing bevond the sides of the chute and resting against steel rails or bars (fig. 
17). The projecting ends of the boards may be tapered to form handles so that, 
instead of using a bar, they may be raised and manipulated by hand. To prevent 
sdillage of fine ore over tne sides of tne car after it has been filled, a light, 
narrow stop-board or afron which cen ~e quickl:y set behind steel lugs on the lip 
of the chute is often used. A more elaborate arrangement for this purpose is a 
light, overcut, swinghng, steel apron or toe board (fig. 18). 


‘Waen handling soft, relatively fine muck, the types of chutes mentioned 
ére well suited to the work, especially if the mining method requires a large 
nutber of closely spaced chutes. 


In handling rougher and harder material with this type of chute, the 
boards wear rapidly or are brolxen by heavy clrinks falling against them and have to 
be replaced frequently. Breakage of a board may result in burying a car and fill- 
ing the drift under the chute. A very common type of chute and one which is not 
expensive is the "quarter-pan' or overcut, steel, arc-gate chute (fig. 20). This 
type of chute gate is rugged and is well adapted to handling hard, :noderately 
rough muck where the width of the chute opening does not exceed 34 to 4 feet. For 
greater widths, the pressure of the ore against the gate males it difficult to 
operate by hand, and some sort of a mechanical contrivance, such as an air jack, 
is desirable. If it is installed so that the point of contact of the arc gate 
With the sloping bottom of the chute is slightly higher than the center of rota- 
tion, it will be found that the gate can be opened with less effort than where the 
contact is lower. When pronerly installed, rapid loading can be done with this 
type of gate. A light, removable toe-board below the gate can be used advanta~ 
geously to stop fine material if a rock prevents closing the gate tightly. 


7819 a hy ee 


er C. 6326 


For handling blocky ore, esnecially where the amout of ore to be drawn 
during the life of the chute is large enough to warrant a more exnensive 
installation, either the "finger" chute (fiz. 19) or undercut are gate (fig. 21) 
are well suited. For this type of inateria) it is very desirable that chute open- 
ings be wide if rapidity and ease in loading are to be attained, a point which cen 

not be overemphasized. | 


The finger gate was developed at the Alaska-Treadwell mine and has since 
been emoloved at many other mines, with aad without much change in deteil of con- 
struction. Figure 22 shovs the gate as installed for operation by air jack at the 
United Verde rxtension Mine. 


Figure 21 shows an installation at a hard iron-ore mine in Michigen where 
the gate is onerated by hand througi a system of levers, roves, and pullevs. 


The object of this tyne of chute is of course to vermit drawing a large 
bloc: 62 rock without letting turough a surge of material, by raising one or more 
fingers while the others are in the lowere’ vosition. This tyne of chute reouires 
a lip aoron or toc-board to hold back fine material wiich would otherwise run out 
between the fingers and overflow the car after it has been filled. This apron. 
(fig. 22) is in the form of a small overc.t arc gate while in figare 19 it is a 
‘lat steel plate which swings wo when the fingers are raised and drops back in > 
place by gravity when they are lowered. 


The undercut arc gate is much favored by the writer because of considerable 
personal success with its use. Figure 21 shows a metnod of instelling it for hand 
operation. To men readily loaded 500 tons of blocky ore in three hours as an 
average performance. Figure 23 shows the same type of gate, air onerated and com- 
bined with an air-operated check gate, used instead of a stop log check as in 
Figure cl. Such an installation is exoensive and is only warranted where a large 
tonnage will be drawn from each chute. 


Some operators favor an overcut vertical gate. A very sinmmle epplication 
of tuis type for hand operation is shown in Figure 24. As a mle, nowever, this 
type of gate requires power oneration, generaily anplicd by means of an air or 
hydraulic cylinder (fig. 25). They are not as well adsented to dlocky material as 
the undercut type of arc gate or the vertical undercut gate. 


The "Chinaman" chute isstill used at some mines. This is simmly an open- 
ing in the lagging over the back of the drift through which the ore is. shoveled or 
scraped into cars. Figare 26 shows an adr-ptation of the Chinaman chute witn 4 
grizzly. chamber above a8 employed at Ducktown, Tenn. This arrangement affords am 
opportunity to break up chunks of ore too lerge to ve handled in tne cars. The 
chunis can be pulied aside during actual. “oading without the delays often 
occasioned when "working". blocky ore throiuch regular chutes, At Ducktown the 
grizzly men also spot and load the cars. 


EE a A RE SN ke SNe TE REIS eee eI ee ee RR ee 
29 D'Arcy, Kichard L., Work cited. 


30 Eaton, Lucien, Method and Cost of Mining Hard Specular Hematite on the 
Marquette Range, Michigan. Information Circular 6138, Bureau of Mines, 
1929, p. ll. 
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Figure 21. — Hand-operated, counterweighted underslung arc gate 
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Figure 23.~ Air=operated loading chute, Alaska Juneau Gold Mining Co. 
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Figure 26.- "Chinaman" chutes and grizzly chamber 


Figure 27.— Movable platform for loading from chutes 
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Grizzlies are more often installed at some distence above the level with a 
storage raise for ore which has been biocked turough the grizzly between it and a 
stundard loading chute at the heulage level. In handJing ore which requires 
blocknoling or sledging, the provision of grizzly chambers reduces delays in load- 
ing since the size of the grizzly opening limits the size of material which the 
chute will have to handle. The chute can be desifned accordinglv. 


The loading chute is a point at which cccidents are common, and should be 
designed with this fact in mind. Accidents to fingers and hands are cormon, and 
foot or leg injuries caused by large chunks roiling ovf the car are of by no means 
rare occurrences. To overcome the latter type cr’ accidents many operators con- 
struct platforms on which tiie chuve pullers stcnd above the level of the lip of 
the chute (figs. 21 and 23), or, as is common rarticnlarly in the southwestern 
States, pony sets (figs. 18 and 20) are erected over the regular drift sets at 
each chute. The latter is probably the safest method tuat con be devised, as it 
not only places tac chute puller above the chute lip bit above and in the clear 
of trolley wires. A loading vlatform such as that sncown in Figure 21 introduces 
e certain hazara in movement of trains as it reduces tne clearance between the 
cars and lin of tne chute. At the Hormestake mine in South Dakota a swinging plat- 
form which is hooked back out of the way when not in use and which is very quicily 
and easily pvt in place again for loading, eliminates this hazard (fig. 27). The 
illustration also chovs the movable lip which is swung hack out of the way when 
loading is finishec. 


Good illunination at each chute should alvays be provided. 


Conditions, then, determine the tyne of chute to be emploved. The govern- 
ing factors are: Nature of material handled, rate of loading required (rapid 
loading is naturally always desirable), total tannage to be handled through the 
caute during its life, size of cars, safety in opcration, cost of installation and 
of maintcnance, 


Sometimes when the crift is in very heavy ground the type of chute used | 
Fill be influenced by this fact. 


Use of Scrapers 


4s previously stated, scrapers serve ‘the dual »urpose of loading and con- 
veying equipment, and therefore tney deserve brief mention in this paver. 
Scrapers are used in ore mines (1) for loadin,: curs near the face in stopes, 
drifts, tunnels and crosscuts; (2) for intermediate transport of ore from the 
Stope face to mine cars or to chute raises; (3) for transfer of ore on sublevels 
tron the bottoms of a set of raises to the top of a chute raise; (4) and for 
reading filling in cut-and-fill stopes. | 


(1) When used in development headings the scraper serves primarily as a 
loading machine and to a negligible extent for transport. When loading from the 
face in stopes Whore the cars are run along or up to tne working face, the scraper 
functions in the seme manner. 
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(2) When emmloved to drag ore frou the face of a flat stope to cars ona 
haulage level or to chutes, the scraper functions as a conveying macnine as much 
as it does for a loading macnine. | 


At Mineville, N. Y.,° scrapers are employed to drag the broken ore in 
flat stopes from the face to cars on intermediate levels (fig. 28). The scraper 
dumps its load into a flat cite whence it is drawn off by gravity into the cars. 
Here the scraper drags the ore for distances vp to 150 or 200 feet. The ore 
breaks in large chunks, and heavy scrapers of the hoe type, operated by douvle- 
drum, 25-hp., electric hoists are required to handle tiiis material. — | 


a At a hard-ore mine in Michigan, hoe-type scravers are used in open stopes 
where the dip is flat to drag the ore to chutes put uw from the hanlaze levels” 
and directly to cars placed under a slide. The scrapers are 43 inches wide, 7 
feet long, and weigh 1,5CO pounds. They are drawn by double-drum, 25-hp., electric 
hoists using 5/8-inch extra-plow-steel rope. A complete scraping outfit, exclu- 
sive of electric cable, costs $1,150 set up in place. 


At Birmingham, Ala,, scrapers are used extensively for transferring and 
loading ore from the room-and-pillar stopes into cars standing on the haulage 
level. The dip of the ore varies from nearly horizontal up to 25 or 30° and aver- 
ages abovt 15°. The ore bed will average around @ or 10 feet in thickness. The 
haulage levels are turned off from the main slope at intervals of about 200 feet, 
and the rooms are worked up the dip from one level to the next. The maximum 
scraping distance is thus about 200 feet. In develooment work scrapers. weighing 
about 750 pounds are used for loading cars placed under a slide. For handling ore 
in stopes large scrapers weighing 2,700 to 5,100 pounds ecuipped with teeth. and 
drawn by 50-hp. electric hoists are emoloyed. The scraper hoists are mounted on 
self-propelling trucks which run on a separate track paralleling the haulage track 
in the wide entry, the haulage track being between tie stope and the hoist track. 
The large size of the equipment here is occasioned by the fact that the ore breaks 
in large slabs and the toothed scraper is required to secure a hold under these 
slabs. The scrapers deliver their load into 5-ton, solid-body cars which are 
later dumped in a rotary dump. Two men of the total force in a stope crew are 
asSignable to scraper operation and a third to operating the haulage motor which 
spots the car at the scraper slide. Since the scraper loads an average of 250 to 
300 long tons per shift, the labor charge for scraping and loading can be figured 
on the basis of 125 to 150 tons per shift, or 0.08 to 0.067 man-hours per ton (10 
hour shift). The record is something over 600 tons in 6 hours. At this operation 
the use of scrapers has replaced the former practice of laying tracks diagonally 
up the dip and running cars over stiff grades to the face and has become quite 
distinctly a part of the transport system. 


Sa 
31 Cummings, A. M., Page 8 and Figure 8 of work cited. , 
32 Eaton, Lucien, Pages 9 and 10, and figure 6 of work ci ted. 
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Figure 28.— Plan and sections showing method of stoping and loading with scrapers, 
Mineville district 
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Figure 29.— A, Method of. removing floor pillars; B, method of breast stoping using 
scrapers; C, top—siice mining method showing radial slicing adapted to scraper 
loading | 
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In the Lake Superior copper district scrapers are emmloved extensively 
bot as loading and as conveying machines. They are used both for scraning the 
ore down flat dips from the face to cars on the level,*Y anc for picking up ore 
Which runs by grevity from tne stone face onto the flcor of the level and for con- 
veying it along the drift to a loading slide and disciuarging it into cars there.°* 
Scrapers of tke open hoe tyne, usually without teeth and weigning 690 pornds and 
more, are used in stopes. For conveying on levels, as »entioned, tne scraners 
welgh about 1,500 pounds, hav3 a steep di jing angle, and average about 100 tons 


per shift, : 


At Mascot, Tenn. ,°° scrapers are employed in open stones for dragging the 
ore on flat dips to the tops of the chute ruises. The open hoe-type scraper is 
employed using 10 to 16 hp. electric hoists for clean-up work and cS hp. hoists 
for heavier worl:. Recently a two-sreed scraper hoist has ocen installed, the low- 
er speed being employed for picking up the load anc then shifting to the higner 
speed for transporting it. This feattre is particularily desirable for nandling 


rough material such as thet at ascot. 


Iron Ranges. - In the lron-ore mines of Minnesota, Michigan, and Wisconsin, 
the scraper is employed very extensively toth as a loading and as a conveying 
machine in top-slicing, sublevel caving, and onen-stope operations. Box-type 
scrapers e¥ simple slip scrapers are’ used in. soft ore and hoe-tyne scrapers in 


hard, blocky ore. Figure 29 snows scraper operation in a hard iron-ore mine. 


In Figure 5 of Information Circular 6179 Lucien Faton describes and 
illustrates a method of radial top slicing in which hoe-type scraners weighing 

625 pounds and operated by 74 or 10 hp. electric hoists are employed to drag the 
ore from the face for @istances up to 75 feet into chute raises. In this system 
the old metnod of loading by hand into cars which were trammed to the chutes has 
deen superseded, and loading and tramning are performed by the scrapers, eliminat~- 


ing tracks and cars from the sublevels (fig. 29a). This method is very commonly 
expioyed in the Lake Superior region. 


In pitching ore bodies, such as are encountered in some of the Michigan 
lron-ore mines, the scraper is used oa transfer sublevels to transport the ore 
‘rom @ serles of ore raisee to a chute drivzn un from the haulage level. These 
sublevel raises are simply onen raises witiout chutes. The ore from the stopes 
above is scraped into the tons of these raises and falls directly to the floor of 


<3 Yan Barneveld, Charles &., Mechanical Incerground Louding in tietal Mines. 
Publisned by the University of Missovri as a cooperative worl between the 
U. §. Bureau of Mines, Mississippi Valley Station and the Missouri School 
of Mines and kietuallurgy, Mey, 1924. Tig. l4l-top, fies. 144, 145, pages 
O44 and 345, ani text pages 239 and 27. , | 

4% Yan Barnelveld, Charles E., Word cited, fig. 140, p. 330, and text pages 326 


to 337, = 
Crane, W. R., Mining Methods and Practice in the Michigan Copoer Mines, Bull. 


806, Bureau of Mines, 1929, fig. 4123. 
SS Coy, Harley A., Page 6 of work cited. 
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the subdrift where it viles up. From these piles the ore is dragged along tre 
subdrift by large scrapers to the top of the main-level chute raise. By tails 
system the driving of a series of raises in weste from the main level to the 
bottom of the portion of the nitching ore trough Waicn lics above the havlage 
level is eliminated, and the sublevel and raise development gare ell in ore. The 
amount of main level development in rock is also decreased. Se 


At one iron ore overation with which the writer is familiar, large scrap- 
ers are emoloyed in a similar manner on the main haulage levcl in an ore body 
about 150 feet wide. The main haulagewey from the shart is driven in the foot- 
wall, and from this haulageway crosscuts are driven across the ore body at inter- 
vals of about 300 feet. These constitute the main haulazeways of the level. The 
haulage crosscuts are then connected by longitudinal scraner drifts driven at an 
elevation 4 feet above that of the rails in the haulage drifts. From these 
longitudinal or scraper drifts, raises are put up to the top of the ore at 34~foot 
intervals. From the tons of these raises, sublevel caving is sterted. The ore 
from the sublevels is dragzed to the raises and falls down into the scraper drifts 
where it piles up. The bottom of the scraper drift is covered with plami on 
Which are laid closely spaced rails to make a smooth bottom for scrapers to slide 
on. Scrapers 5 feet wide are employed to drag the ore from the piles to the 
haulageway Where they discharge the ore over steel cantilever slides into the 
regular 40 cubic foot rocker-dump cars. 


This system was devised for two purposes. Much of the ore was sticky and 
gave a good deal of trouble by packing in chutes, ana the new s:xstem eliminated 
this trouble by eliminating the chutes. Also, as the mining which starts at the 
top progresses downward, the ore raises become shorter, and their cavacity was 
greatly lessened under the old chute method. Due to this fact, the contractors 
in the stopes were often delayed by full chutes and had to wait for the motor crew 
to draw their ore. The additional capacity for brolzen ore in the scraper drift 
largely eliminated this difficulty. Also, owing to the fact that a large quantity 
of ore was available in one scraper drift, tramming efficiency was doubled since 
the trammers could fill a whole train at one place and did not have to go from 
chute to cnute for a few cars at a time from eacn one. 


Waste Filling. - The spreading of waste for filling in the stone has fre- 
quently been done by scrapers and has proved very successful in meny places, in- 
cluding some of the cold mines in Ontario recently visited ty the author of the 
present paper. At the Moming Mine in Idaho, °? scraners are emo loved for removing 
waste from waste crosscuts and conveying it to the stzre. At Cor zu, serepers 
are used for moving ore and spreading waste fill in cut-and-f:li suypese” 
36 Graff, W. W., Mining Congress Journal, October, 1929, 

37 Wethered, C. E., and Coady, Leo J., Mining Methods at the Morning Mine of the 


Federal Mining and Smelting Co,, tat Idaho. {nformation Circular. 6238, 
_Bureau of Mines, 1930, p. 8. 


38 -Catron, William, Work. ait oa 
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Soee’tinz of screver wor: in generrel, it may be rerarked thet its success 
at any operation will deperd wnoon anplying it uncar conditions to which it is 
suited; enplovine the txpe, size, and weight of scraper best adapted to tne 
character of material; use of a scraper noist having sufficient power for tne work 
to be done and having a rope speed suited to the varticular digeing conditions; 
intelligent supervision and training of the operators. Many early failures with 
scrapers can be attributed to too lignt erulpment and hoists of insvfficient power 
or to the placing of the work while still in tne e-perimental staze under the 
direction of men inadequately equinped for experinent:l wor: or predisposed 
avainst scraper loadinz. Sometimes a Giffrerence of but a few degrees in the 
dieting angle of the scraper blade or testvh or a siight difference in tue sveen 
of the yoke will deteruwine the success or failure of a scraner. At one ine a 
scraper is used in which the teeth are of two disferent leneths, the Llade being 
set rith long and snort teeth alternately. This combination was said to give iimcn 
better results than where either the long teeth or tne short teeti vere used clone. 
Ficure 30 shots details of several tipes of scrapers used in underground work. 


HOISTING 


It is not within the scope of this paver to atte-mt a comorenansive dis- 
cussion of hoisting problems, calculations of hoiss capacitics and power require- 
ments, details of hoist, skip, cage, and i:eadframe construction, etc., but hoist- 
ing will be briefly reviewed as a part of tne uncerground transnort system in its 
relation to other denartments of undergro.ind operation as brought out in the 
series of information circulars thus far published by the Bureau of Mines and deal- 


ing with mining methods and vractice. 


Although some producing ore mines in the United States use inclined shafts 
for nolsting ore, the vast majcrity emloy vertical sasfts for this purpose. 
votable exceptions are some of the copner mincs of Michigan, ©9 the iron -nines at 
ineville, N. Y.,-9 the iron mines in the Birmingham, Ala., district,*l and the 
firra-Burra mine, Ducktown, Tenn. ~ 


For prospecting and developing a flat divping deposit which has not deen 
Droved at depth, an incline shaft has deciediy obvious advantages. An incline 
Shaft usually follows the dip of the ore body closely and, although the leneth 
required to reuch a given depth is greater than for © vertical shaft, long cross- 
cuts are not required to connect it with the ore tody, tnus saving exoense and time 
in developnent. For preliminary prospecting, an incline suaft in the vein serves 
the double purnose of staying with the ore, avoiding blind prospecting, and secur- 
ing development at minimum expense. | 


ee ee ee: CED 0 oo Oe. oe oneness 


S39 Crane, W. R., Worl: cited. 
“) Cummings, A. M., Work cited. 
41 Crane, W. R., Iron Ore (Hematite) Mining Practice in the Birminghan District, 


Alabama, Bull. £229, Bureau of fines, 19°6, 143 pop. 
42 McNaughton, C. H., York cited. 
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Frequently atter exteisive Cenosits nave been wroved by develonment from 
incline shafts, vertical shafts are sun: ror most economical operation during the 
nroductive life of the mine. Incline shafts in or near tie ore body are often 
disturbed by movement and subsidence caused by adjacent mining operations, whereas 
a vertical shaft in the footw:ill is not usually affected thereby unless some un- 
usual fault condition eiists. 


Soine larzse and deep mines developed bsr incline shafts are probably still 
using these snafts for operating purposes because nroduction is at such great 
depths that the cost of new vertical shefts from the surface is not warranted in 
the light of the probable remaining profitable life cf the mines. 


In the Michigen conper district? several deep vertical shafts were sunk 
in the hanging wall to develop the conglomerate lode at considerable distance from 
the outcrop, the upper part having been developed and worked through inclinss. 
Tne Red Jacket shaft is a vertical sheft wnich was sunk after yeers of developmen 
and production through incline snafts, as a protection against loss of territory 
by fires in heavily timbered stopes. 


-At Mineville, N. Y., incline shofts are sur: i1 or just under the ore in 
flat-dipping measures and are used for hoisting to the upper levels whence tne ore 
is tekken to surface through vertical enafts. 

At Mascot, Tenn., the flat-lying ore bed is developed by a vertical shaft 
to a depth of 560 feet. From this level inclines ars driven wp and down the pitch 
of tne ore body, and the ore from the other levels is transferred to the main 
shaft level, dumped into the skiv pocket at the vertical shaft, and from there 
is hoisted to surface. 


At the Burra-Burra mine“? the original ore-hoisting shaft was an ing} ine 
shaft on a 709 slope. Later a vertical shaft was swt ut some distance fr “he 
other and was first used for nandling supplies but will eventunllyv ve the main 
ore-hoisting shaft. 


Ore is usually hoisted in cars on inclines up to a maximum of 20 to 25°, 
but on steeper dips skips are employed, as a rule. : 


: In vertical snafts it is customary and often obligatory by law to provide 

safety dogs on all cages and skips. The writer has not seen any cevice to effect 
the same purvose in incline shafts, yet if the rope breaks the results would be 
just as disastrous in an incline snaft as in a vertical shaft without these pro- 
tective devices. 


Another objectionable feature of the incline shaft is that the wear on tie 
hoisting rope is greater than in vertical shafts, even though idlers are provided, 


43 Crane, W. R., Bull. 306, cited. 
44 Cummings, A. M., Work cited. 
45 McNaughton, C. H., Work cited. 
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Tie simplest hoisting prectice in vertical shcofts is illustrated by the 
netiod usually employed in the Tri-State sinc and lead district. FEere individual 
mines are usunlly snal), tie unit of area beins a --O-acre tirect; the ore is near 
the surface, the devth of the shafts rarely exceeding G0U feet. 


In tiis district shafts ere usually 5 bv 7 fect, having but oue comeart- 
ment, and are untimbered except through survace material, shale, or badly frac- 
tured ground. Zlectrically operated 75 to 125 im. hoists, usuallsy mounted on the 
headfrane or "derrick" directly over one side or tiie shaft, are eum} oved for 
hoisting the ore in "cuns” of about 1,200 to 1,400 pounds canacity.*° These cans 
are ordinary sinking buckets vith a ring in the tottom. Ko cross-neacs and guides 
are used in the shaft, and tne ccns are woisted on a %-inch nonspinning cable. 

The hoistan, standing alorgside tne shaft opening in the derrick, raises the can 
above the apron level, attaches the dumping nool to the ring on tlie bottom of the 
cen, at the seme time lowering tne dumping apron into position over the shaft 
opening, and then dumos the can by lowering it with the hoist (fig. 24). The 
operation is completed with surprising rapidity, and tie bucket is raised, un 
nooked, and lowered back into the shaft witn equal speed. tihen hoisting starts 
and as long as there is a supply of loaded cans at tne botton, hoisting is con- 
tinued without any signals between the hoistman and the "hooker! who attaches and 
detaches the cans at the bottom of tne shaft. with a steady sunvly of ore and 
soot teamwors between the hooker and noistman it is not uncommon to hoist 400 to 
000 cans ver shift. Yoisting is usually from the bottom of the shaft only, but a 
few mines have intermediate levels — generally not more than one, however. 


The cons are brought to the hooker's platform on low, flat trucizs (fiz. 3), 
the tops of which ave level with the platform. The hooker attaches the hoist rope 
and the hoistman raises the can immediately, being essured that the can has been 
attached ov the "feel" of the rope. While the loaded can is beinz hoisted, the 
uodker rolls the emoty can onto the emmty truck, ard by the time the next emty 
is returned, the "bumper" man has removed the empty can and vlaced a loaded can on 


its truck alongside tho platforn. 


For smell production, 300 to 350 tons per dey, this vractice requires a 
anima investment for hoisting eouipment end could perhaps be employed advanta- 
geously in other districts for development to snallow depths and up to the time 
Wren output, depth, and ore reserves warrant more expensive installations; thus 
it would help to conserve ca ital during the early life of the mine when it is 
often so badly needed. 


Some of the newer snarts on larger properties in the Tri-State district 
have been equipped with skips</ operating: in balance, and one at least ::» with 
self-duyping cages.*°. One company has recently opened up a large tract with a 
shaft equipped with standard trpe of steel headframe and self-dumping skips in 
balance and is opening several others with similar equipment. 


46 Banks, Leon M., Page 5 of work cited. | 

47 Netzeband, Wm. F., Method and Cost of Mining Zinc and Lead at Mo. 1 Mine, Tri- 
State Zinc and Lead District, Picher, Oklahoma. Information Circular 6113, 
Bureau of Mines, 1929, 11 pp. 

*8 Keener, Oliver W., Information Circular 6159, cited. 
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Lost ore mines in the United Stetes now emoloy sins for hoisting ore. 
Some employ stzius for both ore and waste, otiucrs use slips for the ore and hoist 
waste in cars on cages, and yet otners use cases for all hoisting. 


Under ordinary concitions, skip-hoisting from underground shaft pockets 
is tne most economical metiod. Circumstances muy exist, hovever, Which meke cage- 
hoisting desirable. One ine visited recently wnich is being developed for large 
production and is now noisting about 2,CO00O tons ver ada:, 1s being equinved for 
cage-hoisting. At this property tne determining factor was that several classes 
of material - direct smelting ore, concentrating ore, siliceous flux, and waste - 
mist ull be hoisted senaratel.y. Separate pocitets for each class of material on 
every level (levels are 125 ft. apart) would be expensive to install and maintain 
and would require large openings around tne shart. These objections could be 
partly overcome, however, by a svstem of ore passes between levels suca tiet 
hoisting would only be from one, two, or tnree levels. At this mine automatic 
car stoos and caging devices similar to tnose employed in large coz] nines are 
used.to climinate part of the caging labor usually reciired where cage-hoisting 
is practiced. 


Large cars are desirable for mines having a hich rate of output, as pre- 
‘viously pointed out. Large cars. require large cages for hoisting ore, and tnese, 
in turn, require larze shafts. Thus for large output, minimum size of snaaft, 
fast hoisting, and economical operation, siip-hoisting is preferred. 


Skips employed at metal mines are usuall* of tne self-durming type. In 
capacity they usually range from 2 to 19 or 12 tons, Genending uwnon daily output 
and mumber of shifts during which hoisting is done, deoth of shaft, etc. 


The skips are usually loaded from storege pockets at the side of the 
snaft, sometimes directly and sometimes from an intermediate measuring hopper 
holding one skip-load of ore. The measuring hopper serves to speed vo hoisting, 
since it is loaded by the skip tender during the time the skips are in motion. As 
soon as the skip stops below the hopper, tne tender releases the door, and tne 
gkip is fillcd almost instantly. The hopper arrangement insures a full slrip-load 
without overfilling and with minimm spillage into tiie shaft. It is advantazeous 
from a safety standpoint in that the skip tender hes no occasion to go into the 
shaft, reacu out into it, or even to look into the skip to see if it is properly 
loaded and read: to be hoisted. 


At some mines a measuring chute holding one skip-load of ore betteen an 
upper and a lower gate serves the same purpose as a measuring hopver. Figures Sly 
32, 33 show common t: pes of measuring hoppers and chutes. 


Some ore is of a character which will not permit the use of siip-pockets 
and the ore is dumped directly from the cars into the skip through a snort open 
chute. Some hard ores which break in large blocks will arch and hang up over the 
chute if dumped into skip pockets. Other ore is wet and sticky and packs in the 
pockets so that it can not be drawn out quickly but requires barring and poking 
to get it out of the pocket and into the skip. Some fine sulphide ores, if left 
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Figure 31.— A, Section through front and loading gates,and plan of 
cage platform and rails; 8, skip—loading chutes 
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Figure 32.— Skip-loading arrangement, No. 2 mine 


in tue pocket for a few hours, Will agrlor.crate intc a hard mass through formation 
of sulphates and cen only be removed b:7 picking or sczetimes will evea rec'uire 
blasting to loosen them up. Under all such conditions hoisting sosed can ustally 
b: Improved by dispensing with skip pochets and Joadinz the sltins directly from 
cars. 


It is often necessary to hoist waste eitier to surface or Srom one ievel 
to another for use as filling material in stopes. When Roisting waste to the sur- 
face skips can be used, but it is usually necessary to provide weste as well as 
ore voczets in the shaft and sometimes to place a weste pocket on surface. When 
hoisting waste from lower level develowment to upper levels for filling nurnoses, 
cars hoisted on cages are usunlly emoloyed. Some snafts are provided with two 
compartments for skip-hoisting with one or two cage co:partments in addition. 


Sometimes the skip is hung below a cage in the same commartment; the skips 
are used When hoisting ore, and the cages for handling men, timber, supplies, and 
cars of waste. Obviously, the skip can uxt be used for hoisting ore while the 
hoist is being used for handling men, supplies, or waste, and if the full sheft 
capacity will be requircd for ore, a separate shaft or separate compartments 
should be provided in the same snueft for these other purposes. PFowever, if shaft 
capacity will not be taxed, this arrangenent will save the cost of a hoist and its 
lustallation and the labor of extra hoist engineers to operate it. 


In Table 5 are summarized some of the data on shafts, sin capacities, 
wethods of loading, etc., at a number of mines wnich have been described in re- 
cently published articles. 


COCRDIVATION OF UNDERGROUND TRANSPORT 


In many of the larger mines of the country, transsortation is recognized 
as one of the very important divisions of underground operation and is treated as 
sich. Inadequate transport:stion facilities for handling ore, waste, materials, 
aid supplies, or feilure to coordinate transportation with the other underground 
operations results in costly delays in the BuOpee and development faces and slows 
uw tae Wiole operation. 


In the disseminated lead district of soitheast Missouri, single mines 
operate over extensive areas, and a number of mines ure connected underground on 
min haulage levels on each of which large tonnages are handled d:ilv by several 
locomotives on each level. Long trains are hauled at a sneed of 15 miles per hovr, 
Cars are gathered into treins on sidings or "loons" as they are locally termed. 
Hlectric signal syatems between these ioops and the shaft are empl pred to notifv 
the diepatcner when a trein is ready for the main line locamotive. On some of 
the less congested levels semiautomatic (hand-opezeted) bluck signal systems are 
emloyed. This practice is becoming quits common in cther districts. On more 
congested haulageways, full automatic railroad-type block systens are instelled. 
4ll switches on main haulageways are protected with automatic lishts, which snow 
Whether the switch is set for the main line (green) or for “ae turnout or if the 
switch is "split" (red). 


Se cee AR On RT ee ee eR ee ee gpa 
#9 Jackson, C. F., Page 17 of Information Circular 6170 cited. 
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At the Inspiration Mineo safety and speed of train movement are improved 
by an electric block system similar to that used on steem railroads. Centrally 
located, electrically operated switch-throvwing devices are also installed for the 
same purposes. 


In many of the iron ore mines in t > Lake Superior district, block signals 
are employed on levels where sore than one Locomotive is in operation. 


At the Colorado mine of the Cananea Consolidated Copper Co. telephone sig- 
nalling is used to obtain the right of way between loading stations in the mine 
and the ore bins outside at tne end of the long main adit. 


In some mines wnere a large amount of waste for filling must de distrib- 
uted in cars on the various levels, the haulage nroblem becomes very complex. 
When cut-and-fill stoping is employed, waste for filling must be supplied in 
definite quantities when needed; othcrwise stope operations are delayed and 
efficiency impaired. It often becomes necessary to ha:dle wastes and ore 
simultaneously on the same level,,good coordination is required to keep the ore 
going out and Weste coming in Without interference. This difficulty becomes 
greatest where the stopes are so scattered that waste can not be handled through 
a few main Waste passes direct to tne stopes. 


The handling of steel, timber, exclosives, and sunpolies may interfere wita 
ore haulage unless careful planning is dcne. In some :nines where the active work- 
ings are spread over a Wide lateral area, centrally located steel racks, tool 
rooms, powder m@gazines, and timber yards are arranged to which suvplies are 
brought between shifts. Some mines locate the steel sharvening shop underground 
to eliminate handling of steel in the shaft as far as nossible, and this is 
especially effective in mines with only one or two levels. Others go further ad 
place the drill repair shcp and even the car repair shop underground. 


At multiple level mines the more common and better practice is to provide 
separate cages for hnaudling men, materials, and supplies either in the main shaft 
or in auxiliary shafts. In very deep mi..c:, the handling of men, materials, and 
supplies becomes greatly complicated, especially if separate shafts or compart- 
ments are not provided for this purpose, ave to the time required to make each 
hoist. In a recent visit to one of the deep mines in Michigan it required seven 
minutes to hoist the cege from the bottom in bringing tie bosses up for lunch and 
no stops were mide at intermediate levels. 


Many mines now employ cars and truclks especially designed to trensport 
drill steel, timber, explosives, etc., With a mininuwn anount of rehandling. Thus 
drill steel is loaded into special steel cars in the shop, the cars are run on th 
cage, lowered to the level and then run to the steel supply racks or stope as the 
case may be. Timber trucks are loaded in the timber vard and run onto a cage 1on 
enough to receive the ordinary lengths of mine timber when laid flat. These 


Se a a Nac bn a Se Peet 2k ten i Poe ee 

50 Stoddard, Alfred C., Mining Practice and Methods at Inspiration Consolidated 
Copper Co., Inspiration, Arizona. Information Circular 6169, Bureau of 
Mines, 1929, p. 15. | 

51 Eaton, Lucien, Page 10 of Information Circular 6179, cited. 
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trucks are run off on the level to the ti:ber steticn or place of use without any 
rehandling, These special cars and trucks, Whuich are cf various designs and 
construction according to the preferences of the operator, serve a useful purpose 
in saving labor and in quickly releasing t:.« cage for other work instead of keep- 
ing it at the surface or level for consid 131..ble periods for loading or unloading 
materials, 


TRANSPORTATION COSTS 


As might be expected, underground transportation costs show a wide 
variation at different mines as a result of the wide variations in conditions. As 
pointed out at the beginning of this paper, transportation costs constitute an 
appreciable proportion of total underground costs and therefore deserve careful 
consideration in connection with efforts toward efficiency in mine operation. 


Table 6 gives costs for haulage and hoisting in dollars, man-hours per 
ton, and kilowatt-hour consumption at a number of mines described in detail in 
various bureau information circulars. Si:.ce the conditions affecting these costs 
vary so Widely and are so complex, no attempt is here made to discuss them in 
detail, but references are given in the table so that the reader may study them 
if he desires. 


The costs for haulage and hoisting combined per ton of ore hoisted vary. 
at 31 mines from a low of 8.6 cents to a high of $1.226, and they average 33.6 
cents for the 31 mines. The high figure is for a very deep mine in Michigan and 
represents an exceptional condition. It elso includes some loading costs which 
could not be segregated. The next highest cost is 61.6 cents, and haulage and 
hoisting costs may therefore be said to vary from 9 to 62 cents, depending upon 
length of tram; length of hoist; tramming method, whether mechanical or hand: 
Whether output is widely scattered or concentrated on a few levels; amount of 
waste handled; wage rates; management, etc. The figures serve to emphasize the 
proportion of total underground costs borne by transportation, the variation for 
$l mines being from 4.9 per cent to 56.4 =... cent and averaging 21.4 per cent. 


On the basis of man-hours per ton Sor haulage and holsting combined, costs 
at 29 mines range from 0.125 man-hours per ton to 1.022 man-hours per ton, the 
average being 0.390 man-hours per ton. These figures represent from 9.5 per cent 
to 51 per cent and an average of 29.5 per cent of the total man~hours per ton 
Underground. Power costs at 12 mines ranged from 1.2 to 8.9 kilowatt--ours per 
ten for haulage and hoisting combined, the average being 3.47 kilowatt-hours. 

These figures represent from 11.5 per cont to 66.4 per cent and an avevrege of 32.1 
per cent of the total kilowatt-hours per ton for underground operations. 


It thus appears that wmderground transportation is an dimortant department 
of the underground operation, deserving of careful study. and control in order to 
secure high efficiency and low costs. — 
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Ciroular No.: 


TABLE 2 ~ Motor haulage, car datas 


| Type of | Capacity | Body 
| oar | of car | dimensions | apove | of 
| Pee ac et] ea | 
| | | | | 
| | | | | 
Granby 5.5 tons | "x 8'x 2'6" 4'5" | ramp | 
| | | 
| | | | 
| tf 6.0 tons | =e | —_— | — | 
| Jeo toe | — | —|— | 
[snd dump [20 ou. fe. [4'x 2'6"x2' | — | end | 
[End duap [2-5 tons | ma -- | ond | 
[Rocker [5.5 tons |s'a"x 5'3"x | 4'8" | side | 
| | jee oe 
[end dump 20 cu. t.| a ee eT ae 
| pnd duap \7 tons |o'x 5'x 3'9" | ow | rope | 
[Granby | tons | _— | — [air Jack| 
[Rocker |2 tons | ~— ~— | side | 
|end dusp 4 tons | _ _— | end | 
|soria body j1 ton & ~— —_ rotary | 
| rigia on \2 tons | dump | 
tree | | rot 
|So1sa body (4.6 tons | ~ | —_ | rotary 
| | | | ump | 
|cabie 2 tons & |5'10"x 3'9" | — | side | 
[bot ton 6 tons | | 
|Rocker l2 tons | ~ | _— | side | 
| | | | | | 
|So1ia body [5 tons | _ | — | rotary | 
| | | usp | 
|cable |s tons | _ | _ | side | 
| | 
|solsa body [2.5 tons ; a"x 4'x 1'9"| 3'4" | rotary | 
| | | ¢usp 
| | | | 
|Rocker |36 cu.ft. | ~ | _ | side | 
|cabie |es ou. ft. | _ | ~— | side | 
|Rocker |36 cu.rt. | — — | side | 
| | 
[Fiat bottoms ;10 tons | _ | _ | ~—_ | 
| box | | | | 
Hopper | tons 8'1"x 3'8" 4'8" | bottog | 
bottos |7 tons = [10'2"x 4°12" | | 
[side ausp [20 ou. ft. —| side | 
|side duap [28 ou. ft. ~ | side | 
Solid boz 2 tons 3'34 | rotary | 
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TABLE 2 — Motor haulage. car data Continued 


Reference | Type of | Capacity | Body pa Method pase 4 Wheel | Type | Type | Track 
| | : | mca sen | set-in | 
Circular No. :| | | 


6240 [Side dump [2.5 tons | _ 


a 2 


| | 
| | | | 
| | | | 
6247 |Gable botton|3.5-4 tons|7'4"x 39" | 4111"; side | 15 | 36 outside [link & pin| 18 
lana 7 tons| | | | | |Journals|automatic | 36 
6250 [Rocker |30 cu.ft. | — | —_ | side | _ | ~_ | roller | automatic | _ 
6260  |Round botton|1 ton _—i‘| —- |—|eef-t|t- is — | 18 
q le tons | _ | _ | ? | — | —_ _ ~ | 24 
6289 |cabie |38 cu.ft. | -_— | -— | side | - | ~ | roller | automatio | —_ 
" [ena dump |16 ou. ft. | _— | =~ | end | = | — | roller | ~— | Sue 
6290 _|Gable |3.5 tons |i0'x 3! | a'z9"| sido | 12 | -= | roller jautomatic | 18 
|soiia body [4.5 tons | — | eae | rotary | 12 | — | roller | one ond | ~_ 
| || emp | | || ten | 
Bull. 306 lena and l2, 3, 4, | — | — | end and| _— | -— | _ | od |24,30,36 
[side dump |% 5 tons | | | side | | | | | 40 48 
Bull. 306 |So1ia body \7 tons | —_ | ~— | rotary | — | — | —_— | pean | 52 
| | fam | ff | | 
Homestake [ena dump |20 cu.ft. | o— | ms | end | _— | ~— | _ | — | 18 
T.A.I.M.E, |Gable bottom|20 cu.ft. | —- | — | sie | —- | — |} —- | — | 28 
vo. 72 | | | | | | | | | | 
T.A.I.M.E. |capie bottom|3.6 tons | one | _— | side | _ | _ | aes | =e | 24 
Tech. Pub. 314. | | | | | | | | | | 
United Verde | _ |24 cu.ft. | = | _ | _ | _ | — roller | _ 18 
Aa. Mining | | | | | | | | 
congress | | | | | | | | | | 
Journal, | | | | | | | | | | 
April, 1930. | | | | | | | | | | 
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TABLE 5 - Track data 


Congress Journal, 
Wpril, 1930, | 


Reference | Type of| Capacity | Weight of |Weight of |__ ties Grade of | Curve \Track 
| haulage | of cars | locomotive | rai, Lbs. | Size |Spacing| tracks | radius, gage, 
a a tt | ee 

Information | | | | | | | | | 

Circular No.: | | | | | | | | | 

6133 | zotor | 2.5 tons | 14, 4 and | | - | —| a | — | 30 
| | 5.5 tons | 6} tons | 40 | | | | 
6145 | Motor | _ |"trammer" size| 18 & 24 | — | —_ | 0.5% | — | 138 
6149 | Motor | 2to7 tons | 1to6tons| 40 | —~ | - | —- | — | 2 
6150 | tuto | 0.6 to 0.7 | a | iz | 3arxam [| — | Ze | — | 18 
ae tae F wm F RE we Lie oe Foe Fo 
6159 |ifule and| 1.5 tons | —- | e | - | — | — | — | 2 
| aad | | ; | | || 
6150 | Motor | 1 and 2 ton | 4 tons | 30 | — | = | 4% maxinun | _ | 24 
eice7 ~—s | otcer | 4.6 tons | @ tons [45 and 35 |6"x B"x 4'6"| — [0.25 to 0.33%| 50 to | 30 
i | ; | ni | wo | 
gies = | wotor [2 to 3.6 tons | 3.4and4.5 | 30 |evxorx3s'0| — | o.sg | so | 18 
| ia co | a 
6ico9 =| Motor | 2 and S tons | 8 tons | 40 ana 60| — | — | —  |60 standard 
| | | | | | | |35 nininun 
6170 | wotor | 2.5 tons | 15 tons | 30-56 | —- | —| os, | — | 2a 
Pi | Mule | 2.5 tons | _ | 20 | _ | — | _ | _ | eae 
6179 | Movor | 2 to 3.5 tons| 6.5 tons | 40 | _ | — | _ | ~— | 30 
6180 | Motor | 2 tons | 6.5 tons | 40 | _ | _ | _— | — | 30 
eis = | Motor | lo tons | 18tons | so | = 4 ee a ee ee 
6237 | wotor | 20 cu. tt. | 3&4 tons | 30 | —- | —| 053 | 40 | 18 
. | Hand =| 20 cu.ft. | | 12.24 | a —- | 16 | 18 
6240 | wotor | 2.5 tons | 10 tons | 30. janx 6"x 3'6"| | oss | — | 18 
" | Hand «=| (0.75 tons | be | 12 | —- | — | be Pee, aes 
6247 | NMowor is: 5 to 4 tons ee § to 4 tons | 30 |e"x 8"x 4'0"| 24 | 0.5% |35 min 18 
| Motor | 7 tons | 10 tons | 30 |6"x 8"x 6'0"| 24 | 0.5% |60 min. | 36 
| Hand | 1 ton | _ | 16 |arx 6"x 4'o"| 24 = | aus | = 
E259 | Motor | 2 tons | 5 tons | 30 | _ | _ _ |2s 5 min. | secs 
Pine | | a | — 
6260 | Motor | i.ton | 3tons | 20 |axerxston| — | o.2g | — | 18 
| Motor | 6 tons | 7 tons | 30 |s"x 8"x 4'on| —_ | 0.25% | — | 24 
6290 = | ctor [3.5 84.5 tons| 4 tons | 40, 45 [4x 6"x 3'0"| 30 [0.25 to 0.50z|30 min. | 18 
| Hand | 16 cu. ft. | ~ | 16 | — | — | = | — | ae 
6204 = | Hand «=| 22 cu tt. | —~ | 1.6 | - | —| oss | — | 18 

Bull. 306 | uctor | 2to7 tons | 2.5 to13 | 20,30,60 | — | — | rtorss | — [24 to 

several nines | | | tons | | | | | 52 

Honestake | wotor | 2ocurt. | 3.5 to | 40 | — | - |-- 18 

T.A.IM.E.Vol.72| | | 5.0 tons = | | | | | | 

Waa! Copper | uotor | 3.6 tens | 6 tons | 45 | —- | —| 0.4 | ass" | 24 

TALL-ME.Tech. | | | | | | | | | 

Pub.314, 1930. | | | | | | | | | 

United Verde | Motor | a | — | 50 | “= | _ | 0.25 to | ~— | 18 

Aa. Mining | | | | | | | oss = | | 

| | | | | | 
| | | | | | | | 


7a19 - wo 
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TABLE 4 - Locomotive data 
Reference Type of |Weight| Rated |Rated speed| 


|____cars _|Average |Total tons 
locomotive tons |draw-bar| full load, | Motors 


Bat— |weignt |Capao-|Nuaber 


haul, lore per 
pull | miles per 


| | 
| | 
| | |teries|eupty, | ity, | in | feet |,ocomotive 
| |_|_aps._|__bour |__| |pounda|_tons |__train_|___|_anict 
Information | | | | | | | | | 
Circular No.: | | | | | | | | | 
6092 =| trolley | [2.200 & | | | | | 3.5 | | | 
| | |s.000 | ee ee ee ee 
6107 | Troliey | | | 60 | | | | «6 | ) | | 
| | | | | | | «a | ) | 4,000 | 2,300 
6113 | Trolley | 4.5 | | | |} 2 | 4 | | 
6138 | trolley | 6.5 | | |2 motors | | | | | 
Pot | 50 voits| | =| [sore] | 
Battery | 1.75 | | | |Edison| | | | | 
| | to 4 | | | ld | 
| PP fF fom fa | 
6145 [Battery | | | | | 1 | 6 t08 | 1,200 |100 to 150 
jemi | fff 
6149 | Trolley and ) |4 to 6| | | | 4 to 7| | 
|oabie reel ) | | | | | | | 
"factory poe! = | fF 
lrammer te} || ee ee ee ee ee 
6160 |Troley ‘| 4.0 | | |2 motors | | [a to 2|8 to 14 | | 
: oe 250 voit | rt of 
6167 [Compressed air| 8.0 [3,000 | | | | 4.6 [20 to 25] 3,000 | 
| es ee ee ee es 
ee ee ee ee | | es | 
6168 | Trolley | 4.0 [2,000 | 5.0 |a-zo np. | | 3.6 | | 2,300 |800 to 
| | | | [235 voits | | | | | | 1,000 
" |Tro.ley | 4.0 | | 
| | | 2 | 10 | 1,700 |300 to 400 
n [Battery | 4.5 | | 70 | | | | | | 
"t 
[Battery 3.0 | | | | | | 2 | 8 to 10] | 
6169 | Troliey 8.0 | | [2 motors | | | 5 |10 to 25| 6,600 | 
6170 | Trolley | 15.0 | | 15.0  |2-90 np. | | 2.5 |up to 30|5,000 to| 
| | | | levs volts | | | 7,000 | 
6179 | Trolley | 6.5 | | [2-374 np. | | | | 
| | | | |250 volts | | 
6ig0 [Trolley | 6.5 | | [2-374 hp. | | | 
| | | 250 voite| | | | | 
6186 |Trolley (main | 18.0 | | | | | | | 10,000 | 
fuer EE Py 
[Battery (advance develpment) | | | | | | | 
6237 ‘on ee | 4.0, | | | 250 volta| | | 1 | 35 | 3,100 | 
7 | 6.0 | | | ee ee | | 
7819 34 


Reference 


Information 
Ciroular No.: 
6238 


6247 


Bull. 306, 


several aines|Troiley and 


TALTME. 


Technical Pub— 
lication 314. | 


United Verde |24 Battery 
Am. Mining Con- 9 Trolley 


ress Journal, (long hauls) 
April, 1939, 


7819 


TABLE 4 - Locomotive data—-Continued 
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| | | Rated [Rated speed| |—__-__Cara____ Average |Total toas 
: Type of eae full load | Motors ine bee gore Number | haul, | ore per 
locopotive tons pull ; smiles per teries|empty, ity, in feet locomotive 
— st Tt Et | te 
| | | | | a a | | 
|Battery | 4.5 | | | | 73 | | as | 10 | | 
: ee ee ee es ee 
|troliey (in | 6.5 | | |ss0 volts | |4,000 | 4.2 | 16 | 10,000 | 
Pama _ a oe ee ae 
\Trotley (Same 6.0 | | | | | | 2 | | | 
frm one | || ee eee 
fur | | | ee ee ee ee 
[Battery | 10.0 | | | | | 2.5 [8 to 20 | 2,000 | 
[Battery | a.5 | | | | | 1 js or6 | 400 | 65 to 100 
|Trotley and =| 4.0 | | | | |4,000 |3.5 to|6 to 10 | — a0 | 
| Cable reel | | | | | | | 4 | | | 
[trolley | 10.0 | | |2 motors | | | 12 | 3,200 | 1,000 
|Trol ley | 10.0 | | \2 motors | |s.300 | 3.5 |6 to 10 | 4,200 [175 plus 
| | | | | | | | | | | timber and 
| ee es ee ee 
Ca 
coe —e ner scattered ee and = : | 2 | | | 
Battery 3.0 | 1 10 | 240 
[Battery | 7.0 | | | | | | 6 |. 10 | l 
|Trolley | 3.0 (main levels) |220 voits | | | 2.5 | | | 
say | 1.5 u“— levels and — | | | | | 
Double trolley | 
|cathering 1ev-| | | | e | |20 witna| | 
els (small) | | 2 motors | | | | 0008. | | 
jmain tunner | 4.0 | 2,000 | \240 volte | [3,450 | 4.5 |tandea | 10,000 | 
|Troiley | 13.0 | 6,500 | | | | | 7 | 58 | | 
| 2.25} 600 tc} 6 tos | |48ce11| '2 to 5|2,4.6 over : 
| battery | to 3| 1.000 | | [tron | | | | 1.000 | 
Pt Ef foe fo EE 
\Trolley | 6.0} 3,000| 6.8 2 motors | | | s.6| 38 | $000 |959 to 
| | | |250 volts | | (tanden)| 1,000 
| | Jz 1000s. | | | | | | 
| | [in tandes | | | | | | - 
| | | jBoth | |24 ou.| 16 | 1,200 | 2 
| 5.0 | | Fes ee | 
| | | |250 volts |alka- | | | | 
| f 4 | | lime} 6 | S| | 
| a | typos | = js | | 


I.C.63526 


Reference 


Information 


Circular No.: 


7819 


6092 


6107 


6113 


6121 


6138 


6145 


6149 


6150 


6159 


6160 


Shaft 


90° 


90° 


90° 


90° 


| Size 


Incline asx 20' 
20 = 30° 


z-5' x 6' 
1-5' x 5' 
comp'ts 


5 x ll' 


10 x 14' 
inside 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


|2 skip & 


[3 manway 


| 
| 


|6'x 18'6" 


| inside 


| 

| 
Seenerenee senna pee 

| 

| 


TABLE 5 - Hoisting data 


Method of | Tons ore, 
| Depth, |Hoisting) hoisting | 24 hours 
| feet 


| 
1 
| 
levels | ore | 
| 
| 


— |s60 ft. ance 


| | 
| | 
{3,600 on 1,000 to|7-ton skips in| 2,900 
[incline |1,500ft. |balance | 
| |inter- | | 
| |vais | | 
| | | | 
| | | | 
| | | | 
| | | | 
| 973 [500 ft. [4.6 ton skips | 5,000 
| | |in balance | 
| | | | 
| 270 [270 ft. |2.5 ton skips | 460 
| | |in balance | 
| | | | 
| | | | 
| 260 |z60 rt. |1 400 pound | 400 
| | |cans | 
| | | | 
| 1.060 | 13 | 5.5 ton skips} 1,400 
| | levels|in balance | 
| | | | 
| | | | 
—— 13 [3.5 ton skips | 1,200 
| levels |in balance [12 shifts) 
| | | | 
| | | 
| 1,600] 13 |7 ton skips in] 1,550 
| | levels |balance | 
| | | 
| | | | 
| 315 |2 levels|1, 400 pound | 400 
| |cans | 
| 
| 300 |1 rever |Se1 f-dumping | 450 
| | lcages in bal- | 
| | |ance | 
| 586 |i 1ever |skips in bale | 560 
| | 
| | 


JAuxiliary| Skip 
| shafts | loading | Remarks 
| | method | 
eee [eae eee 
| | | 
| | | 
| yes |From main lore hoisted 
| |1ever pock-|to under= 
| lets | ground pock- 
| | lets in ine 
| | | chine; thence 
| | |vertical 
| | |shart to 
| | | to surface. 
|For men, | bg | 
|supplies | | 
\& waste | | 
|For nen [Direct from|Capacity 
|and sup— |pocket [1,400 tons 
|plies | |per 24 

| | |nours. 


|For men |cans hoist-| 
|ana supr led to sure | 
|plies | race | 
|No.-sep- |Dump cars | 
larate |directly | 

| 


|cage | into skip 

|comp't lover slide | 

|Skips |Pockets [Most of ore 

| numg un— | | from pockets 
|der cages | |s00 to 1,500 
| | |1evels. 


|For sup- |Pockets or | Two classes 
[plies and|direot fromjof ore 


| 
|waste |cars to | 
| 


| |skips 
| _ |cans hoist-| 
| [ea to sur- | 
| | face | 
|For nen | ~ | 
|and sup— | | 
|piies | | 
| 


|No.-skips| Vertical 
|hung une | gate direot| 
[der cage |rrom pooket| 


I.C.6326 


TABLE 5 - Hoisting data--Continued 


Referezce | ———ivtation hate gata ______| Mothed of | Tons ore, |Auxiliary| Skip | 
| Shaft . | Size | Depth, |Hoisting| hoisting | 24 hours | shafts | loading Remarks 
eon | foet | levels | ore | | | method | 
Taformation | | | | 
Circular No.:| | | : | | : : | 
ele7 =| 2 shafts [6° x 14'8" | (7) 4 at 150|10.5 ton skips| 9,000 |2-for men|Measuring | 
! 90° | inside | et. in- [in balance | (from 2 |waste and| hoppers 
jtorvals | | shafts) | supplies | 
eles | «= 90° [No.3 shaft,| 2,550 | 3 mainj3-ton skips in| co |3-for men, Measuring ! 
| : coap'ts. : | — | | suppiies, [hoppers | 
each 4x5' | |waste & | | 
| | | | | |ventila~ | | 
| | | | | [tion | | 
6169 ie — 6"x 19'2"| soz [450 and [12.5 ton skips] 13,500 | yes jMoasuring | 
ae | es | — | feet |in balance | | |hoppers | 
| and [2-78 ton skips | 2 000 |For nen |Measuring 
| | inside | in “ balance |and sup— jchutes | 
| foties | | 
sia {| = g0® | sx 7 | 205 | = [1,400 pouna | 450 | no [Cans noist-| 
| | | | |cans | | led to gur= | 
ea | «2 shatts | 1010" x fio. = ! | 2 | ie | 
| ea | ae levels|4 ton ekips in| 1,200 [No.3 |Measuring | 
or | ; 4'10" |No. 2 &75 \4 levels | balance | |shart |pockets | 
90° | 113" x | 1,250 |200,300,|1,-4+ton skip | 650 | no jPocnets | 
| | 10'10" | |409, 950, [in balance | | |holding one, 
= | inside | [1.200 [with cage = | | |skip load. | 
| 90° |2 skip ana | 2,600 [200 rt. [3.5 ton skips | 1.500, | | |Hcist 2 
| . cage | a in balance | ore 400 | | |shifts 
conp'ts interval | waste | | | 
— | averace | r | | 
6238 | 90° , comp't | 2 is nes | | | | | 
| p'ts ,TEO liz iev- \4 ton sxips in| 800 | no loirect fron|Underground 
| : ! leis, 200| in balance | | |pockets | shart 
Ire. in- | | | | | 
a | ; | | [tervals | | | | | 
| 90° |Z saips | 612 ja at 520|5 ten saips in| 2,200 | no [Finger gate| 
| i cage | [et |balance | | |airect frop| 
1 pipe | | | | pocket | 
| 
6247 | 99° ; are | | | a | | | 
cits. omp'ts | | |3.5 ton skips | — | —  |Weasuring | 
6250 | 4x5 | js balance | | |noppers | 
; shafts |5:6"x i4'6"| — {2 main |5 ton saips in| 800 |For men | -- Ore hoisted 
| 90° |snside | |1eveis jbalance | | and sup~ | one Bheet 
PoE | fonts | ety 


7819 
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Reference 


Information | 
Circular No. | 
6260 | 
| 
| 


6290 
6294 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
Red Jacket | 
Bull. 306 | 
Miami; | 
T.ALI.M.E. | 
Technical Pub| 
lication 314 | 
Teck—Hughes | 
| 
| 
| 
| 
| 
| 
| 
2 


7819 


Hoisting shaft data | 


sh 


aft 


| Size 


inolination| 


south 


90° 


[sx 116" 
| inside 


|6 x 20: 
|inside 


( 14 x 25' 


juz'e" x ag: 


| 


TABLE 5 — Hoisting data—Continued 


| Depth, |Hoisting| hoisting 


feet | levels | ore 


|No.3.830 |s levels|2 ton skips in 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
t | 
| 
| 
| 
| 
| 
Zz 
| 
| 
| 
| 
| 
| 
| 


— 


o 
ro) 
Oo 


SS eS CE ES QE GED qe 


| balance 


|1,-6-ton skip 
lin balance 


|with cage 


600 |350,450,|3-ton skip in 
[sso rt. [balance with 


| 


4,900 | 

| 
B11 | 
| 
| 
| 
| 


580 | 


| 


| cage 

|10-ton skips 
|in balance 
|10.5 ton skips 


|balance 


| 
| 
| 
| 


| ter-balance 


cage and coun-e 


3,000 |( 1,300 |2 24-ton skips 


| and lin balance 

|¢ 1,900 | 

| l2 skips in 
\patance 


| 
| 


459 


200 


18,000 


SE SE SD SE et SR eee OS 
SS RS CEE GORE QE eps gg ames 


Method of | Tons ore, |Auxiliary 
| 24 hours | shafts 


For men 


| Skip | 

| aoading | Romarks 
| wethod | 

| 


Measuring lore hoisted 
chute |mostly on 
[night shift, 
| skips for 
|timber and 
| supplies day 


| 

| 

| 

| 

| 

| 

| 

| 

| |snift 

; | 
| 

| | 

\pirect fron| 

|pocket | 

| | 

| | 

| | 

| = | 

| | 

| | 

| | 

| | 

in cars | 

| | 

| | 

| | 

| | 

| |cages with 

| | skips hung 

| |beneath 
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TABLE 6 ~ Underground transportation costs per ton ore hoisted 


Reference | Cost in dollars; labor, |Por cent |Man-hours |Per cent cf |_Ke.t. cer ton hoisted|Per cent of 
|__ power and supplies [ot toval [por ton; [total undere |Hau1-|Hoist- | Total ltotal kw.h. 
| Trauping |Hoist- Total |underground|naulage and| ground nan=- [age ing | |per ton for 
land haulage |ing 


cost |noisting |nours por ton| | | mining 


| 
| | 
| | | 
Information | | | | | | | | 
Circular No.: | | | | | | | | | 
gooz4 | $0.46 |$0.211| $0.627 | 56.4 | 0.172 | 18.0 0.756] 4.130 | 4.686 | 50.3 
sus {| llc CU] Ucthd]lhlUl CUT ee] eto [8920] 2.770 | 3.690 | 37.2 
SY) i cr cs Pr a OS VS. i C Or Os eo Pe © 2 
6138! - | - | .2i7| avo | 212 | 18.0 |*%.68] 1.820 | 2.500| 26.2 
6145 - | - | ses] 152 | 6s | ase for fsoo | - | - 
SC cc co re 2 7 2) re 
eso = |Site | .ooi| ass | 319.7 «|S te7 «| Cl Cf - | UC - CU] lve cd] 
eso 6 | 0 l=] CU |lCtar | tse |lsos | aes Cf ity feo | = [Ce 
TS a (re Cc: YC) sO 7 
OU A a) or 7] ee oO Oe or | - | ee ee ee, 
ae 6 | 0 l = Cf CU |i | tee 6|)Cws9 S| Sls 6 - | CC gtr | 8 
ae ee eee ee ee ee ee 
aro 60 | Cle Cf le] lll ltt ft) | 70 | 50 | 2.200 | 12.6 
ama | - | -~[| - | - |. .366 | 43.8 | 00 | 2.77 | 2.770 | 66.4 
agiat | - | - | .133| 13.8) | - | - |{-] -[ -{ - 
we [|  - | = | .133| 10.9) | 196 | 21a |%.ea] 2.05 | 2.890 | 34.5 
seo’ | - | - | .154| aes | se | 27 | - [se | - | = 
a (im TOO 0 Oy 
cr cc (a (ero OO OO 5 CO: 
7 a = - | - | .958 | 25.5 fz.oo jas.amp.] - | - 
ee | - | sso | izs | a9 | 100 | | 435{ - | = 
eso | Cl CT CU | leer | ass | Ses | 2 ats |?.53 | 2.06 | 2.690 | 17.5 
ae oe a eee ee en Oe ee ee 
6247(Colorada | - | = | «166 | 6.8 | .494 | 13.6 , .986| 3.373 | 4.359 | 38.6 
eos | = | =| | we | - | - f-}- | - 1 - 
(Veta Grande| - | =| .wel 49 | - | = ar | = * 
7219 
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TABLE 6 = Wnderzround transportation costs per ton ore hoisted—Continusd 


Cost in dollars; labor, |Per cent |Man-hours lper cent of |_Kw.h. per ton hoisted|Per ent of 


Reference | 
|___power and supplies lof total per on; |rotar under= |Haui~|Hotet~ | Total |tota kw.b. 
| Tramming |Hoist-| Total | underground |haulage and| ground wan- | age | ing | |per ton for 
| and _haulace| ing | lcont ___|notatine |nours ner ton| |_| taining 
Information | | | | | | | | | 
Circular No.: | | | | | | | | | 
6250 | 357 | .isi{ .soe{ 143 | - | . }-| - | - | - 
6260 | a 43a | 26.1 | se. | 28 | -| - | - | = 
6290 | - | - | ez| 7.1 | .330 | 95 | - |6o | - | 
6294 | - | - | .399| 15.3 | 2.022 | 349 | - | 1.20 | 1.200] ais 
Tock-Hughes _—| - | - | .s43 | asa | .e16 | 24.6 | -|5.10 | 5.100] 26.2 
Bulletin 306 — | | | | | | | | | | 
Mine a | .e47 | .879| 1.226 | 34.7 | Sasa | 4201 | - | - | - | - 
MineB | svz_| .148| .520| 40.2 | %62 | sa | - | = | - | - 
Minec | 303 | .i7e| .a79| soe | %4n | 363 | - | - | - | - 
Mined =| 393 | zor] .594| 32.4 | 3390 | fsr5 | - | - | - [| - 
MineE | - | - | a ee ee i es ee 
Miami T.A.I.M.E.| | | | | | | | | 
Technical Publi-| 053 | .033| os | 2.5 | - | z }~] - | - | - 
cation No. 314 | | | | | | | | | | 
a | ee |___--— 
Averages | 10 mines | 31 nines| 31 mines | 29 nines 29 mines - | - liz nines| 12 pines 
| $0.287 |$0.165| $0.336 | 21.42 | 0.390 25.9% | | = | 3.460 | 32.2% 
| | | | 


| | | | 


1 ~— Figures given in oircular based on long ton (2,240 pounds) reduced to short ton basis here to conform with data 
from other pines. 

2 - Includes power for lighting. 

3S ~ Data from special oomsunioation. 
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Figure 434.— Shaft station and caer pocket 


